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DEPARTMENT OF' TRANSPORTATI ON
FEDERAL AVI ATI ON ADM NI STRATI ON

VOR//DME EQUI PMVENT
PART 1 — GENERAL REQUI REMENTS

This is Part 1 of a nine ﬁart group of specification docunents
under the basic headi ng 'MORRBME Eeuiippmenit® whi ch covers the
requi rements for FAA VOR and DME facilities, including Renote

Mai nt enance Monitoring (RMM) and Renote Maintenance Control (RMG)
of facility performance.

Each docunent carries the basic nunber FAA-E-2678 toget her

with an al pha revision letter and a slant |ine and nunber
corresponding to the part number (see listing below). Each part
shoul d be separately referenced by its individual specification
nunber and any anmendment which is applicable to the individual
part.

Listina of Parts

FAA-E-2678c 41 Part
FAA-E-2678c//2 Part
FAA-E-2678c//3 Part
FAA-E-2678c/ /4 Part
FAA-E-2678¢/ /5 Part
FAA-E-2678 /6 Part
FAA-E-2678c//i7 Part

FAA-E-267/80/ Par t
FAA-E—%W&@/g Par t

Ceneral Requirenents

Battery Charger Power Supply (BEPS)
Facility Central Processing Unit (FCRU)
VOR Transm tter Equi prent

VOR Moni tor Equi pnent

DME Transponder Equi pnment

DNE Monitor Equi pnent

Doppl er VGR Conversion Kit

Renote Status and Conmuni cations

Equi pment (RSCE)

O©oo—woUTR~wNE
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| -1 SCOPE - GENERAL REGUIREMENTS

1-1.1 Scope of Part k.- This specification establishes the
performance, design, test, manufacture, and acceptance

requi renents for the FAA VOGR/DME systens, includi ntg renot e _
mai nt enance monitoring and control “of facility performance. This
equi pnent will expand the current enroute and term nal navigation
systemthrough the establishment of new facilities.

i-1.2 Chassiiffiieattiom.~ One type of facility is covered by this
speci fication.

i-1.2.h Tvee.- The type of facility is the VOR/DME.
1-2 APPLI CABLE DOCUNMENTS

1-2.1 Gover nnent .- The follow ng docunments of the
Issue in effect on the date of invitation for bids or requests
for proposal forma part of this specification to the extent
specified herein. In the event of conflict between the documents
referenced herein and the contents of this specification, the
contents of this specification shall be considered a superceding
requirenent.

1-2.1..1 FAA soeciiffiieait icnss -~

FAA-D-24%4 Techni cal Instruction Book
Manuscript: Electronic, Electrical
and Mechani cal Equi pnent,
Requirenents for Preparation of
Manuscri pt and Production of Books

FAA-E-163 Rack, Cabinet, and Open Frame Types
FAA-E-106% Rei nforced Plastic Antenna Shelter
(16 VOR//VORTQ)
FAA-G-1375 Sfaare Parts peculiar for
El ectronic, Electrical and
Mechani cal Equi prent
FAA-G~-2100 El ectroni c Equi pment, Ceneral
Requi renents
FAA-G-2300 Panel and Vertical Chassis, Rack

Mir~C-E54h Chem cal Conversion Coatings on
Al um num and Al um num Al | oys
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ML i~STD-47D Mai nt ai nabi lity Program
Requi rements (For Systenms and
Equi pment s)
M L-STD-47711 Mai ntai nability Denonstration
N E~STD-4772 Mai ntai nability Prediction
ML -STD-721 Definitions of Effectiveness Terns

for Reliability, Mintainability,
Human Factors and Safety

Mtk ~STD-780 Reliability Tests, Exponential
Distribution

ML IL—-STD-7785 Reliability Program for Systems and
Equi pment Devel opment and
Producti on

NI L-STD-&1® Envi ronnental Test Met hods

M ~STD-hh8P Bar Codi ng Symbollogy

MiL-STD-1388-1A Logi stics Support Analysis

Mii.-STD-1388-2A Logi stics Support Analysis Record

Mk ~STD-h%2h Technical Reviews and Audits for
Systems, Equi pments and Conput er
Progr ans

MILL~STD~-h5EL Uni f orm DOD Provi si oni ng Procedures

i-2.1.5 Federal standands.-
FED-STD-535 Col ors

i-2.1.6 O her publiications.- The follow ng publications of the

issue in effect on the date of the invitation for bids or request
for proposals forma part of this specification and are
applicable to the extent specified herein.

FAA Interface Control Docunents

NAS-MD-73® Renot e Mai ntenance Monitoring
Interface Control Docunent

NAS-MD-732 Qper ational Requirements for the

Renot e Mai ntenance Monitoring
Syst em (RMMD))
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ANSI-X3..6% American National Standard for
Advanced Data Communi cati ons
Control Procedures (ADCCH)

ErA-RS-232-¢ Interface Between Data Term na
Equi prent and *2ta Communi cation
Equi prent Enmpiioyiimgy Seri al Bi nary
Data I nterchange

1-2.2.1.1 (Obtainins industry docunents.- Requests for

i nformation on obtaining copies of ANSI publications should be
directed to American National Standards Institute, 1430 Broadway,
New York, New York, 10018. Requests for information on obtaining
copi es of EEA publications should be directed to Electronic
;g&a;tries Associ ation, 2001 Eye Street, N.W., Washington, DC

1-3 REQUIRFMENTS
1-3.1 Definiittiioms .~

1-3.1.1 VOR.- (Spoken as three letters.) Stands for VHF
Omidirectional Range. An air navigation sgsten1operat|ng in the
band of 168 to 118 MHz. VOR provides suitably equi pped arrcraft
with bearing information to or froma fixed ground station. VQR
is the U S and International Gvil Aviation O ganization
standard for bearing information for short distance navigation.
The term VOR is al so used to designate the ground station which
radi ates the VOR signal.

1-3.1.2 DME.- (Spoken as three letters). Stands for D stance
Measuring Equipnent. An air navigation systen1operat|ng in the
freguensy r ange of 962 to 1213 MHz. DME provides suitably

equi pped aircraft with information of distance to a fixed ground
station. DME is the U.S. and International Gvil Aviation
g}gﬁnization standard for distance information for short

i stance.

1-3.1..3 VOR/DME.— A fixed ground station which provides both
VOGR and DME information to aircraft thereby allowng for a
geographi cal fix.

1-3.1.4 Faeiillitw.— The termfacility as used in this
specification is limted to a VOR/DME ground stati on.

1-3.1.5 foeall.— As used in this specification, local refers to
the facility prem ses.

1-3.1.6 Rembte.— As used in this specification, remote refers
to any location, either an operational or maintenance nmonitoring
or control point, other than the facility l|ocation
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1-3.1.7 Renote communications outlet (REE)).=- A VHF

communi cations receiver often located at a facility. Used in
conjunction wWith voice transm ssions on the VAR to provide
air-to-ground communication. (tRemeiee in this instance is used
in the opposite sense to that defined in 1-3.1.&))

1-3.1.8 OQperator/ooperatienall..— As used in this specification

these terns refer to Air Traffic Control (ATQ) personnel or to
Flight Service Station (FS3) personnel or to the use of the
facility by such personnel for purposes of air traffic control.

1-3.1.9 Teehniidiam.~ The individual charged with responsibility
for the technical performance of the facility. Assigned tasks
include certification of technical performance, preventive, and
corrective maintenance.

1-3.1.10 Mbniitok/mbAiitering.~ Both terns refer to know edge of
the status and performance of a facility. The term tuniittokr as
used in this specification refers to an equi pment or system
Mt tet gt refers to the conplete process and includes the
subsequent actions taken in response to the information provided.
The nmonitoring process nmay include a human el ement.

1-3.1.10.1 Operati onal noniteting.— The information provided
for operational monitoring includes notification of malfunction
or failure (alarm indicators), identification of the operating
equi pnent, and energency warnings such as fire or intrusion
alarms. Information for operational nonitoring is of a
qualitative rather than quantitative nature. The information is,
however, required to be continuous with notification of changes
provi ded al most instantaneously.

1-3.1.10.2 Mai nt enance mohnitoting.— The information provided
for maintenance nonitoring consists of quantitative data on the
actual perfornmance and/or status of the facility including any
individual elenments thereof. This data may be used for facility
certification, trend analysis, or fault isolation purposes. The
transm ttal of maintenance nDn|tor|n% data is not required to be
continuous but may be programmed to be periodically transmtted,
transmtted upon occasion of faults, or transmitted on request.
Mai nt enance nonitoring also includes the ability to control
facility operational, ancillary, and test equipnent for testin
the operational capability, verifying monitor alarmlinits, an
changi ng the operational characteristics of equipnment.

1-3.1..100.2.h Faeillittw certifieation.~ Periodic neasurenment and
recording of system perfornmance, including radiated signa
characteristics, nonitor alarm linits, and the test of automatic
shut down operation to certify proper facility operation.

1-3.1.10.2.2 Trend analvsiis.- Measurenent and nonitoring of
In-circuit parameters for identifying and possibly preventing
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equi pment or system failures. This data shall be collectable and
t ransferabl e.

£1-3.1.10.2.3 Fault isollatiom.~ Automatic isolation of an
equi prent fault to the | owest specified |evel of conponent
replacement. (Note: fault isolation is not limted to fa:?lts
producing a fault condition in the nonitor; see paragraph
1-3.1.10.4..))

1-3.1.10.3 Executive apnitor.— A device which continuously
exam nes key paranmeters of the output signals of the
facility/equi pment, provides for shutdown of equi pment when these
signal characteristics are found to be outside of pre-estailiistei
tol erances, and sinultaneously initiates |ocal and remote alarm
indications. In normal unattended operation of the facility
these actions are automatic.

1-3.1.10.4 Faul itiiem .~ The condition where a nonitor
senses that one or nore parameters of the output signals are
out si de of pre-establliished t ol er ances.

1-3.1.10.% Al ar m eondiitiiem.—~ A condition which results when a
faul t (1—3,1"MMA@R has existed for a pre-establlished period of
time. Alarmresults in the action described under 1-3.1.10.3.

1-3.1.10.6 Monitor "faih safe®™.— A principle which states that
u

. i

? fgl n the executive nonitor itself nust result in an alarm
1- ).

£1-3.1.10.7 Monitor Ph@ﬁmyﬂ.- The condi ti on where the exestitive
moni tor senses that the nonitored signal paraneters are within

establ i shed tol erances and provides |ocal and renote indication
of nornmal operation.

1-3.1.10.8 Moni tor tiha .- Same as fault condition
(1-3.1.2@ 4.
1-8.1.10. nitor # gr..—- A feature which allows a

technician to override the normal functions of the executive
monitor to permt operation of an equipnent for troubl eshooting
pur poses.

ransponder.— A transmtter/
d radiating signal (s) through

<l

transponder which is energized an
the ground station antenna.

1-3.1.12 Mbdulle.- Two or nore parts which forma portion of an
assenmbly or a unit replaceable as a whol e but having parts which
are individually replaceable.

1-3.1.13 Shutdowm.—~ The condition wherein neither transmtter/
transponder is radiating signal(s).
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i-3.1.14 Autonmtic oneratien.— Refers to normal unattended
operation of a transmtter/transponder and associ ated equi pnent
under control of the executive nonitor (1-3.1.1®M3). |In this
mode of QPeratlon the transmtter/transponder remains in opera-
tion until the executive nonitor senses an alarm whereupon the
transmtter/transponder i s deenetgizesi. The system shall auto-
matically reenergize (auto-reset) when the alarmis transient.

i-3.1.1% Renote eonttell.— Includes all functions specified to
be provided to operations or maintenance personnel froma renote

| ocation through access to the Facility Central Processin? Uni t
(FEPU).. These functions include control of facility ancillary
equi pment not furnished under this specification. Rel ative to
paragraph 1-3.1..14, renote control includes the ability to
shutdown, restart, and to select the initiallr operatin

equi prent.  Those functions controllable |locally through the FEBU
shall also be controllable remtely through the FCRU.

1-3.1.16 Local econtt@l.— Includes all functions under 1-3.1.15
above provided to the |local technician through direct access to
the FERU. In addition, includes the ability to manually override
or bypass automatic operation él—smluh@) and otherw se permt
operation of equipnent independently upon failure of the FERU.

1-3.1.17 “Faiilrssbifttt".~ A concept wherein one or nore el enents
in a design my fail resulting in a |esser, but stil
operationally usable, |level of performance. (One exanple is
failure of certain portions of the DME final anplifiers affecting
only the transmtted power of the facility. In this event, the
non-failed portion of the anplifier remains in operation
Froygd;ng DME service at reduced power (subject to specified
imts).

1-3.1.18 Reliabifiity.— The termreliability as used herein
refers to the mean tine between failure (MFBF) of any portion of
an equi pment whi ch provide any specified function. Reliability
does not include those features or elenents or an equi pment
provided solely for |ocal maintenance purposes (e.g., panel
meters, indicator |anps, BMDT, etc.).

1-3.1.19 Unit.— A functional assenbly of conponents and
modul es.

1-3.1.20 Line tephiaceablie unit {IRUN.- An item which may _
consist of a unit, an assembly (circuit card assenbly, electronic
component assenbly, etc.) a subassenbly, or a part, that is
renoved and replaced at the site maintenance level in order to
restore the systenfequipnent to its operational status.

1-3.1.23 Failure. - The inability of any part, circuit, assenbly,
or unit of the VOR/DME to operate within its normal and
previously established operating tolerances shall constitute a
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failure. It shall be specifically noted that it is not necessary
that a mai ntenance action be required or a station outage result
because of a failure.

1-3.2 Fquipfient/software/serviices to be furni shed by the
conttractar.— Each set of equi pment shall bp conplete ine wding
operational software in accordance with all specification
requirements and shall include the itenms tabul ated belew. Each
set of equipnent shall be conpletely wired and ready for
operation upon connections of AC or DC power, external control
cables, and external antenna cables. Each set of equi pnent shal
be tuned, adjusted and production tested for operation on a
channel assigned in accordance with the provisions contained in
the contract schedule prior to shipment. (See Table 1 for
channel frequencies and pairings.)

Each VOR/DME equi pment set shall consist of the follow ng
functional elenents:

Renote Status and Communi cations Equi pment (RSCE) |

and associ ated nodens _
Al'l required operational and maintenance software 1

Elements Quantiity//set:

1. Battery Conditioner Power Supply (BCPS)) 1
2. Facility Central Processor Unit (FCPU) and

associ ated nodens 1
3. VOR Transmtter 1
4. VOR Monitor 2
5. VOR Monitor Antennas ti?)
6. DME Transponder
Z. DME Moni t or
9.

1-3.3 Eouiipmenit charactetiisties.- The subparagraphs bel ow
contain requirenents applicable to all equipnent items required
by contract referencing this specification

-3.3.1 Equi phtemn hwst i call_desiigm N ?-’L’!:M:! ~ The equl prent
shall be designed, configured, and packaged in such a manner as
to facilitate the acconplishment via either front, side or top
access of all test, adjustment, and nmaintenance operations.
of the equi pment conponents provided for installation at G%te
facility location shall be housed in not nore than three cabinets
(1-3.3.2..1)). Al unused front panel space shall be covered by
bl ank panels. Front panels provided for access to cabinet nmain
frame termnal boards shall be nounted by neans of quick-

di sconnect fasteners.

1-3.3.1.1 Eovipmentt cabinet.- The VOR/DME el ectronic units
shal | be housed in alumnumor steel cabinet(s) designed to be
mounted inside an existing Governnent furnished equi prent
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printed wWiring board(s), plug-in subchassis or chassis-type
modul e(s) in accordance wth specification requirenents.

1-3.3.1.6 RF nodulles.— RF nodules shall be printed wiring
boards except where such practice is not consistent with circuit
performance requirements (see paragraph 1-3?%.1.7).. RF r>dulles
shal | be pIu?-ln except that feed through secrew type connectors
may be used for RF interconnection. Tuning controls (see
paragraph 1-3.3.13) shall be readily accessible when the nodul es
are in place. \Were necessary to provide unrestricted access to
all conponents for troubl eshooting purposes, extender cable(s)
shal| be furnished. A mninmum of one extender cable of each type
required shall be furnished. Extender cables shall be stored

wi thin the equipnent.

1-3.8.1..7 Chassiis-ttwir- fibdulles.~ Chassis-type nodul es shall be
usped where printed wiring boards are inpractical. A mninum of
one extender cable for each type required shall be furnished and
stored within the equipnent.

1-3.3.2 Parts.— Parts selection, application, use and
orientation shall be in accordance wth paragraphs 3.5 through
3.5.7..2 of Specification FAA-G-210.

1-3.3.3 Equi pnent finishes.~ The finish of the e uiPnent shal
be as specified in paragraphs 3.7.8 through 3.7.6.5 0 _

Speci fication FAA-G-21@® except that paragraph 3.7.6.1.2 1is

nmodi fied to require surface pre%aratlon and application of the
primer in accordance w th FAA-STD-@h%2. Follow ng application of
the priner, the surface shall receive one or nore uniform §@: 3y
coats of a sem gl oss baking enamel in accordance with Federa
Speci fication TT-E-32% and the color of the final coat shall be
€ollor nunber 26044 of Federal Standard 59%.

1-3.3.4 Reference desiumaitieiss and fmrkiihess.— Reference

desi gnations and markings shall be in accordance wth paragraphs
3.8 and 3.9 through 8.9.%.2, respectively, of Specification FAA-
G-21@b. In addition to the panel narking nethods of paragraph
3,9F3m2, the use of silk screen markings is permssible on pane
surf aces.

1-3.3.5 Naneplates.- Naneplates shall be in accordance with
par agraphs 3.10 through 8.10.3 of Specificati on FAA-G-210Q..
1-3.3.6 Interchandesibilliitiv:~ The VOR/DME equi pnent design shal

i ncorporate the interchangeability requirenents of paragraphs
3.5.4 through 3.5.4.3 of Specification FAA-G-210®.

1-3.3.7 Test points, connectors and fault diauhesttiics.- Each
line replaceable unit (LRU) of the VORY/DME equi pnent shall
contain test points, test facilities and connectors,
appropriately |abeled and nunbered, to provide for the
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exam nation of essential voltages, signal anplitudes, waveforns
and timng characteristics and to provide for the connection of
test equipnent for troubleshooting, adjustment and maintenance
operations. Test points for all units enploying m croprocessors
shal | include all data, address and control signals. The VOR/DME
shall have a central diagnostic function that shall initiate, |og
results and provide for the display of diagnostic results at the
MBS or PMDT interface if a termnal is connected. The _

di agnostic routine shall be able to localize 85% of all failure
oceutremesss to a single faulty LRU (see paragraph b1-3.1.21)) and 9%
percent of all failure occurrences to no nore than two candidate
LRUs, one of which contains the faulty element. The diagnostic
routine shall be automatically initiated when an alarmor alert
occurs except when the condition is the result of an
environnental sensor paraneter of paragraph 3-3.3.2.10.41 through
3-3.3.2.10.5 herein. Additional manually initiated diagnostics
shal | be available fromthe PMDT in | ocal node or fromthe MPS to
offer nore detailed information to aid in the nmaintenance
process. The results of the automatic diagnostic routine shall be
stored in menory at the facility RMB until reset at the PMDT
interface or fromthe MPS. When the diagnostic routine is
automatically initiated due to an alarmor alert, the entire
routine shall be run to ensure that all failures have been

i dentified.

1-3.3.7.1 atiiem.— Test points on plug-in printed W ring
boards shall be |ocated on the outside edge of the board.
Printed edge connectors may be used for test points.

1-3.3.7.2 Adapters.~ |f edge board connectors are used, a

m ni mum of two connector test adapters shall be furnished wth
each systemto facilitate connection of test probes to the
printed edge connections. Storage shall be provided within the
cabinets for all adapters and connectors.

1-3.3.8 Reset switeh.— FEach unit of the VOR/DME equi pnent that
enpl oys m croprocessors shall have a front panel nounted,
momentary contact switch |abel ed tRESETt. Activation of the
reset swtch shall cause all program variables and al
software/firmvare controlled hardware to be initialized to a
predeffiimedi condi tion from which nornmal program execution can
conti nue.

1-3.3.9 Non-vol atile nembkv.—- There shall be non-volatile
menmory(s) provided. The executive/operating program shall be in
read-only menory (ROM. The working/ data storage program
menory(s) shall have at |east three nonths of non-volatility.
There shall be storage in non-volatile menory(s) of current
status data of all nonitored transmtter and transponder
Paraneters and the upper and |ower monitor fault/threshold alarm
imts, also last routine sanple data, and post-fault (but prior
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to alarm data. Stored data shall be available via polling or
request.

1-3.3.9.1 Volatile nefiory.— Scratch-pad taesz;::4~ whi ch may be
erased upon power-on restart, may be volatile. Read-only nenory
(ROM, which contains site peculiar data, s%". Lo plge-is
eiteuitty | ocated in associ ated sockets.

1-3.3.00 Outputt circuit protectiion.- A 1 eed:fi:iemt Juibut
circuits and transmitter output circuits shailli be protected in
accordance with the requirenents of paragraph 3.3.2.2 of

Speci fi cati on FAA-G-2100..

1-3.3.0% Printed wiring and printed wirinel boatds.- Al printed
wring boards, except strip Iine, shall be of the plug-in card
the and shall be mechanically coded and keyed in such a nmanner
that only Properly coded boards can be inserted. For purposes of
ication, strip line devices are classed as printed

this speci
Wi ring

1-3.3.12 Cross-tal k, shielidiimg, and iselati&n.— The arrangenent
of parts and MAr|ng and the design of the egyirizweent shall be such

that cross-tal k and unnecessary coupling Begpe-+ circuits cannot
result in conditions of operation which are b==~ond the val ues

al l owed for the specified performnce charastez=Tstiioss. Adequate
shiel ding and other neans of isolation shall be provided as
necessary to prevent the occurrence of significant changes in
signal levels, waveforms, timng, tuning, or operating conditions
wi th any conbination of open access doors, w thdrawn chassis, or
with printed wiring extender boards (i1-3.3.L.49) in use. Absx

the positioning of wires or cables shall not affect the operating
conditions or performance of the equipnent. ¥: additiea s the
aforementioned requirements, sufficient shielidiimg shall be
provided to prevent interference fromexisting facility

communi cation transmtter equi pment operating im the frequency
bands of 118 through 136 MHz and 225 t hrough 4613 p#e and havin?
power outputs of up to 166 watts and | ocated tritthin 6 feet of the
equi pnent  furni shed under this specification, m=siizt®ng such

equi prent neets appliieablhie FCC requirements £ stray and
spurious radiation.

1-3.3.13 Afsttments .~ The VOR/DME eqpifipsniii:
such that all transmtter, transponder, N
adj ustments essential for praﬁer operation anhk
than tuning of RF stages or where otherw se haZ ceotedd herein? and
all indications resulting therefrom shall: be zctskssuile [ocally
via the FCPU to PMDT i nterface (3-3.3.0..22)) & remoteYy fromthe
NPS i n accordance with paragraph 1-3.3.13..3 hudin.

1-3.3.13.1 Ad-iustment displaw.— A BNDT in 1&=-a node of
operation connected to the FEPU term nal hnees: :6e sheill be
capabl e of displaying all control settings i £ neatly fornatted

shap bR dcakgnee
ané gkl
bint-beiatice ( ot her
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screen or screens. The paraneter and its current value nust be
clearly shown. For purposes of making adjustments, paranmeters
must be selectable by cursor, nenu, or by typing in a name or
code. For a system which requires operator input to make

adj ustments, on-screen help nust be provided. The ability to

i ncrease or decrease a paramneter settln? in mnimmsteps”
consistent with individual paranmeter tolerances nust be provided
together with the ability to directly enter a paraneter setting
from the portable termnal keyboard.

1-3.3.13.2 Adj ustment stotage.—~ Electronically entered control
settings nmust be stored in non-volatile nmenory either inmediately
upon entry or at the conclusion of an adjustnent/nmaintenance
operation. Storlng_of control settings shall be automatic and

shal | PFOVIde notification to the operator. It shall not be
possi bl e for equipment to be restored to normal operation wthout
saving control settings. For this specification, non-volatile
storage is considered to be at |east 806 days.

i-3.3.13.3 Renote cofifiunieations.— Renpte conmunications shal
be established by the use of Government furnished dedicated 4-

wire telephone Iines between the VORY/DME facility and the RSEE

| ocation and thence to the MPS via the RSCE to MPS interface (see
par agr aph 9-3.2.2.1)).. The tel ephone lines shall be private |ine,
data voice-grade circuits that will be unity gain and will be
furnished wth @B transm ssion |level point (TLB) at the send and
receive interface.

The capability for renote comunications shall be such that any
function which can be perfornmed |ocally through the FEPU to PMDT
interface with the PMDT in | ocal node, can also be perforned
rediditeRy .

1-3.3.14 Frevuemewy soutrces.— Each VOR equipnent required to
provi de an RF output on an assigned frequency shall enploy a
crystal controlled frequency source whereby the required carrier
frequency is derived froma single frequency determning
component. A crystal oscillator where used (installed) in the
VOR and a spare shall neprovided. In lieu of a set of crystals,
VER frequency may be controlled by a crystal referenced frequency
synt hesi zer adjustable over the full frequency range of 108.0 Mz
to 118.® MHz in steps of :065 MHz. The DME shall enploy a

f requency synthesi zer MMereby any required frequency (see Table
1)) is derived froma single frequency determning conponent.

Means shall be provided to prevent radiation of an RF output
5|Pnal on other than the desired channel frequency due to

mal function of the frequency synthesizer circuits. Selection of
the assigned DME channel and node (x or y)) shall be acconplished
through the FECPU and shall display the DME channel and node

sel ected. Each unit of equipnment shall be tuned and adjusted for
operation on a channel (operating frequency) assigned by the
Government.  The contractor shall request the frequency
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assignnent at |east 120 days before shipping instructions are
request ed.

1-3.3.14.%1 Freuvuencw stabillittw.— Radio frequency deternining
conponents shall be of sufficient tolerance and stability to
provi de out put frequencies which are w thin »C@h% (DME; and
+0..000%% (VOR) of the assigned channel frequency (see Table 1).
The VOR tolerance is for initial (roomtenperature) cof&tlitions,
with +.001% tol erance al |l owed over the service conditions.

1-3.3.14..2 Spectrum redquirenents.- The equi prent shall neet the
requi renents of the Manual of Regul ations and Procedures for
Federal Radio Frequency Managenent, National Tel econmunications
and Information Adm nistration (NFzA) Manual for aeronautica
radi o navigation station.

1-3.3.14..3 Electtromudmeitiic i nterference econtroll.- The VOR/DME
equi prent shall be designed to neet the el ectronagnetic

conpati bility requirenents of paragraphs 3.3.8 through 3.3.8.2 of
Speci fication FAA-G-21@0@.. The contractor shall obtain Federal
Communi cati ons Conmm ssion (FCC) type acceptance in accordance
with FCC Rul es and Regulations, Part 2. For equipnent designed
for interface and connection to either the public or private

t el ephone networks, the contractor shall obtain FCC Registration
i n accordance with FCC Rul es and Regul ations, Part 68. The FCPU
and any other mcroprocessors shall meet the requirenments for

Cl ass B conputing devices in accordance with Subpart J, Part 15,
of the FCC Rules and Regul ations.

1-3.3.15 Environnental service eondiitiiemss.— For the VER/IYY.
equi prent housed inside the shelter, anbient conditions shall be

those of Environment [l of Table [Il of FAA-G-21@® except that
the |ower tenperature shall be -46® Cin lieu of 108 C. For

equi pnent not housed in the shelter (e.g., VOR nonitor antennas),
t he anbi ent conditions shall be those of Environnment 111 of
Table 11l of FAA-G-210@. The RSEE shall be designed for the
anbi ent conditions of Environment | of Table Il of FAA-G~2100.

1-3.3.16 Prii eye?p-~- The VOR/DME facility primary power is
suppl i ed fxema nom nal 120/240 volt, 606 Hz, three wire, single
phase AC power source. The AC power shall be utilized for
operation of the BCPS and for cabinet convenience outlets Only.
Except as allowed in Part 2 of this specification, all other
ggglpnent_at the facility shall operate fromthe DC output of the
Sor, in the event of failure of the AC supply, fromthe
output of the battery bank (Government furnis edy. The RSCE
shal | be designed to operate froma nom nal 120 volt, 60 Hz,
three wire, single phase AC power source.

1-3.3.17 Transi ent supptressign .~ Eguipnent shal | be protected

agai nst danmge or operational upset due to |ightning surges on
the incomng AC power line(s) or the comrunication |ines. For

Page 16



August 7, 1989 FAA-E-267/4%7 /1

design and test purposes, the equi pment contractor may_ assune
that the facility is provided with AC surge arresters installed
across each line to neutral at the facility main service

di sconnect box which limt the transient voltage waveform
appearing at the BCPS input to 1,500 volts with a rise tine of i@
m croseconds and a decay time to one-half anplitude of 20

m cr oseconds. (See also Figure Il of Specification FAA-G-21@.))

1-3.3.17.1 Static disehakte.- The equi pment shall be protected
fromthe harnful effects of electrostatic discharge in accordance

W t h DOD-STD-1G8E .

J-3.3.08 stabilization of performance characteristics and
monitor response thime.— Wthin 6 seconds after reapplication of
rimary gomer to the input of the BEPS, and in the absence of the
attery bank, the power output of each transmtter/transponder
shal | 'have reached a level of not less than 90% of the steady
state level for the sane set of service conditions and all other
performance characteristics shall be within their prescribed
t ol erances. Cbncurrentlﬁ each nonitor shall have sensed correct
operation and provided the appropriate (no fault and non-al arm
out put indications.

f-3.3.19 VOR and DME auto-reset funetiom.~ The VOR and DME
monitors and/or the FCPU shall include firmware which will
automatically reset the systen(s) and continue nornal operation
if there are no nore than three alarns within any 15 mnute
period. If a fourth alarmoccurs during any 15 mnute period, no
further auto-resets would be attenpted. Automatic reset shal

not be initiated for alarms generated by the VOR 16-poiifit
executive nmonitor function (paragraph 5-3.3.6.4 herein).

The initial reset shall occur 20 +2 seconds after the first alarm
condition. If the system (VGR or DME) r emai ns happy

(1-3.1.1@.7) for 15 mnutes *2 seconds after the reset occurs,

the auto-reset function shall be restored to its full enable

state.

If the system does not reset to normal or if another alarm
(second) occurs prior to the end of the initial 15 m nute period,
another attenpt at reset shall be initiated 32 +3 seconds after
the initial reset attenpt or after the newalarm |f the reset
I's successful and the systemremains happy for 15 m nutes +2
seconds after the reset occurs, the auto-reset function shall be
restored to its full enable state.

If the system does not reset to normal or if another alarm
(third) occurs prior to the end of the initial 15 mnute peri od,
another attenpt at reset shall be initiated 70 +5 seconds after
the last reset attenpt or the newalarm |f the reset is
successful and the system remains happy for 15 mnutes *2 seconds
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after the reset occurs, the auto-reset function shall be restored
to its full enable state.

If the system does not reset to normal or if another alarm
(fourth) occurs prior to the end of the initial 15 m nute peri od,
no further auto-resets shall be attenpted ard operator
intervention shall be required to restore the systemto norna
and to return the auto-reset function to its full enabla state.
Notification of all alarmconditions and reset attenpts shall be
provided to the MPS.

Override timng and counter circuitry shall be provided to ensure
that regardl ess of the status of the auto-reset function, the
system shall not restore to normal if there are nore than three
alarns in any 15 m nute period.

1-3.4 Relbiiabiillity of el ectronic egquipment.— The VOR/DME

equi prent to be furnished under this specification shall, through
denonstration or calculations, exhibit the reliability figures
specified below. For those systens utilizing redundancy,
reliability shall be determned on the basis of periodic

mai ntenance at intervals of 2190 hours (three nonth intervals).
Reliability predictions shall be in accordance with Mlitary
Standard 756 and M Iitary Handbook 2i7.

1-3.4.1 VOR nean tine between failure (WBF)..— The VON system
(Units 1 through 4 of ara%{aph k—34@)shall have a cal cul at ed
MTBF of not |ess than 7500 hours. (See paragraph 1-3.1.20).

3

-3.4..2 DME MFBF.- The DME system (Units 6 and 7 of pasys' kb
-3.2.1) shal | have a cal cul ated MTBF of not |ess than 5000
ours.

1:3g&;3__BennLe_5LaLus_and_ggnnunLgaLLQns_equﬁﬁmgmn;iﬁﬁﬁzn,- The
RSEE shall have a cal cul ated MEBF of not |ess than 26,00® hours.

Thi s nmodel does not include term nals, nodens, telephone |ines,
or any oter interface circuitry.

1-3.5 Mhintainabifiity of el ectroni c equi pnent.- The VOR/DNME
equi pment to be furnished under this specification shall_conply
with the maintainability requirenents specified bel ow e
figures specified shall apply to a conglete VOR/DME sSyst em
including the RSCE (see paragraph 1-3.2.1 herein).

1-3.5.1 Miintenance concept.- The VOR/DME system win ukbiilize a
two | evel concept of mmintenance, site and depot. This concept
assumes the use of nodul ar designed equi pnent which enables field
technicians to correct a majority_of e%%> ment failures on-site
bK replacing the faulty nodule. " The VORY systemw | | ukbiiize
t iF concept of mai ntenance throughout its operational life

cycle.
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after the reset occurs, the auto-reset function shall be restored
to its full enable state.

If the system does not reset to normal or if another alarm
(fourth) occurs prior to the end of the initial 15 m nute peri od,
no further auto-resets shall be attenpted ard operator
intervention shall be required to restore the systemto norna
and to return the auto-reset function to its full enabla state.
Notification of all alarmconditions and reset attenpts shall be
provided to the MPS.

Override timng and counter circuitry shall be provided to ensure
that regardl ess of the status of the auto-reset function, the
system shall not restore to normal if there are nore than three
alarns in any 15 m nute period.

1-3.4 Relbiiabiillity of el ectronic egquipment.— The VOR/DME

equi prent to be furnished under this specification shall, through
denonstration or calculations, exhibit the reliability figures
specified below. For those systens utilizing redundancy,
reliability shall be determned on the basis of periodic

mai ntenance at intervals of 2190 hours (three nonth intervals).
Reliability predictions shall be in accordance with Mlitary
Standard 756 and M Iitary Handbook 2i7.

1-3.4.1 VOR nean tine between failure (WBF)..— The VON system
(Units 1 through 4 of ara%{aph k—34@)shall have a cal cul at ed
MTBF of not |ess than 7500 hours. (See paragraph 1-3.1.20).

3

-3.4..2 DME MFBF.- The DME system (Units 6 and 7 of pasys' kb
-3.2.1) shal | have a cal cul ated MTBF of not |ess than 5000
ours.

1:3g&;3__BennLe_5LaLus_and_ggnnunLgaLLQns_equﬁﬁmgmn;iﬁﬁﬁzn,- The
RSEE shall have a cal cul ated MEBF of not |ess than 26,00® hours.
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equi pment to be furnished under this specification shall_conply
with the maintainability requirenents specified bel ow e
figures specified shall apply to a conglete VOR/DME sSyst em
including the RSCE (see paragraph 1-3.2.1 herein).

1-3.5.1 Miintenance concept.- The VOR/DME system win ukbiilize a
two | evel concept of mmintenance, site and depot. This concept
assumes the use of nodul ar designed equi pnent which enables field
technicians to correct a majority_of e%%> ment failures on-site
bK replacing the faulty nodule. " The VORY systemw | | ukbiiize
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2-3.8 Softwatre.—- Al VOR/DME software shall be devel oped and
docunent ed i n accordance w t h DOD-STD-2h677. tiERrograms® written
at levels that do not require assenbly or cross-assenbly can be
adequat el y docunented with |ogic diagrams and/or truth tables.
The docunentation specified in DOD-STD-2h677 i s not required to
adequately support this |low level of pregyBs:> Al forma,

software reviews and audits, including Reliability and

Mai ntainability tests/audits, shall be conducted | n actordamnee

W th MIL~-STD-h%2Mh. A subset of the data item descriptions (DIDs)
contained in DOD-STD-2h&77 will be specified in the contract and
shal |l be delivered by the contractor. The contractor shal

i nclude the software design/devel opment effort in the
Configuration Managenent plan for the progzam and insure that the
software nmeets CM requirenments of DOD-STD-2h67.

1-3.9 Documemitaitiieh.~ Level 3 engineering draw ngs shall be
prepared in accordance w th DOGD-D-1@@® and DOD-STD-h@m. Course
materials shall be developed in accordance wth FAA-STD-02%.
Parts lists in hard copy used for provisioning shall be formatted
i n accordance with FAA-G-137% for spare parts-peculiar and MiIL-
STD-1561 for all other lists. Parts list for provisioning

devel oped from LSA shal|l be formatted in accordance with MIL-STD~
1388-2A and docunented in an automated medi um conpatible with the
FAA LSA aut omat ed dat abase.  Technical instruction books in
accordance with Specification FAA-D-24%4 shall be provided as
specified in the contract schedule.

1-3.10 touiisttiiess.— Logistics support for the VORYDME equi pnent
shall be in accordance with MrL-STD-1388-1A and Mik-STD-h388B274.

1-3.10.1 Supplly Suppett..— Spare parts-peculiar shall be

indentiiffiiedt and acquired in accordance w th FAA Specification
FAA-G-137%. Repairable LRUs will be identified and spares

requi rements quantified fromdata generated by |ogistic support
anal ysi s (LSA) in accordance with MiL~-STD-n38$B-4¥a. Provisioning
lists will be developed fromdata generated by LSA and formatted
in accordance w th MrL~STD-h388-22. Provisioning will be
acconpl i shed in accordance wth MrL-STD-h5EN.

1-3.11 Traiimimez.— The contractor shall submit a training
proposSal for the VOR/DME equi pnent in accordance with the
requi renents of FAA-STD-@28 and as further delineated in the
contract schedul e.

1-4 QUALITY ASSURANCE PROVI SI ONS

1-4.1 Genetall.~ The contractor shall establish and naintain a
qual ity control programas specified in the contract schedul e.
The quality assurance provisions of Section 4 of Specification
FAA-G-210® shal | al so apply.
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1-4.1.2 Set/unit testiimei.— Each unit of equi pnent furnished
under this specification shall be tested when incorporated as a
complete set, including design qualification and type tests under
environnmental conditions of paragraph 4.11 of FAA-G-21Q0®,

Qe ity Assurance Provisions". VWere denonstration of
conpliance with specific perfornmance requirements of individual
units is not practicable when connected and operated as a set,
suppl emental tests (design qualification, type, and production)
shal | be conducted on the individual units prior to their
assenbly into a set.

i-4.1.3 Reguiirenents to be tested.— Al requirenents defined in

the specification nust be verified in the test procedures. These
requirenents are listed in the Verification Requirenments
Traceability Matrix (VRTM) contained in the Part 1, Table 2,
herein. Another VRTM for the software, independent of the
hardware (consistent with the requirements of DOD-STD-2h677,
NAS-MD-7®® and this specification), shall be devel oped bythe
contractor.

-4..1..4 ter Test Phan.- The contractor shall furnish a
Master Test Plan (MI®) in accordance w th FAA-STD-@24 to the
CGovernment for review and approval. The MEIP and its associated
test plans shall be a coherent and conprehensive denonstration
t hat Fjldspecification requi rements contained in the VRTM are
satisfied.

1-4.1.% VRTM defiinitions.— The followi ng definitions are
provided to clarify terns in the VRIM. This information is to be
used by the contractor for preparation of test and eval uation
procedures defined in paragraphs 1-4.1.2 t hrough 1-4.1..4.

1-4.1.5.1 Verification Methods. -

(a) Test - Test is a nethod of verifying performance
requi rements of subsystem system or configuration itens
by quantitative measurenent of controlled functional or
environmental stimuli. These dynam c neasurements are
made using standardi zed | aboratory equi pnent,
procedures or other services, then analyzed to
determne their conpliance

(b) Denonstration - Denonstration is a method of verifying
subsystem system or configuration item requirenments by
observing their functional response to dynam c _
exerC|S|n%. This qualitative evaluation is made using

ro

criteria m techni cal procedure, excludin?_
measurements.  Acceptance is based on pass/rtai
results.

(¢) I nspection - Inspection is a method of verifyin

acceptability of hardware, software or technica
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documentation by determning the conpliance to
requirenments by visual exam nation of condition or
content. The criteria for examnation is obtained from
standards, schematics or affidavits consisting of
static-state neasurenents, inventories or conformance
features. The success criteria ig pass/faiill.

(d) Analysis - Analysis is a nethod of verifying
requi renents for hardware or software design by
conﬁaring it mathematically (nodeling) or otherw se
with known scientific and technical principles,
procedures or practices. Results of the conparison are
used to estinmate the capability or' the design to neet
system and mission requirenents. Justification for
anal ysi s includes inpractical or inpossible access to
measurenents, determning statistical probabilities and
percentil es.

1-4.1.5.2 Test requitefimenits in t he VRTM.— |ndication of
verification nmethods in the VRTM shall be used by the contractor
in devel oping test procedures. Notes are provided which further
define the testing requirenents in the VRIM.

1-4.1.6 Testiima Documenmitss.— Testing and documentation shall be
gerfgigigm|n accordance with the quality assurance provisions of

1-4.1.7.omeftad It ioon and st and al one software, - The contractor

shal | provide all software and procedures required for testing
t he VOR/DME subsystems and the interface between subsystens
durln% Installation at each operational site and that which shal
also be required to provide system operation and control when
normal RMB operation is not possible.

1-4.2 Fail -safe testiimg.— The contractor shall deexelop a test
plan to denonstrate that the FCPU and the VOGR and DME memiikers
wll meet the specified fail-safe requirenents of ﬂaragraphs
3-3.5, 5-3.3.8.9.9.1 and 7-3.3..4, respectively. The
denmonstration test piax shall be submtted to the Governnent for
approval as part of the Master Test Plan (paragraph 1-4.1.4) and
as specified in the contract schedule.

1-4.3 Preventive nmintenance veriification.- The contractor

shal |l verify that the equi pment neets the preventive maintenance
requi renents of paragraph 1-3.5.2 bg providing an analysis O the
mai nt enance procedures that are to be included in the technical
instruction book. The analysis shall be included in the Mster
Test Pl an (Paragraph i-4.1..4) to be submtted to the Governnent
for approval in accordance with the contract schedul e.

L-5 PREPARATI ON FOR DELI VERY

Page 22



FAA-E-267/8: A1 August 7, 1989

documentation by determning the conpliance to
requirenments by visual exam nation of condition or
content. The criteria for examnation is obtained from
standards, schematics or affidavits consisting of
static-state neasurenents, inventories or conformance
features. The success criteria ig pass/faiill.

(d) Analysis - Analysis is a nethod of verifying
requi renents for hardware or software design by
conﬁaring it mathematically (nodeling) or otherw se
with known scientific and technical principles,
procedures or practices. Results of the conparison are
used to estinmate the capability or' the design to neet
system and mission requirenents. Justification for
anal ysi s includes inpractical or inpossible access to
measurenents, determning statistical probabilities and
percentil es.

1-4.1.5.2 Test requitefimenits in t he VRTM.— |ndication of
verification nmethods in the VRTM shall be used by the contractor
in devel oping test procedures. Notes are provided which further
define the testing requirenents in the VRIM.

1-4.1.6 Testiima Documenmitss.— Testing and documentation shall be
gerfgigigm|n accordance with the quality assurance provisions of

1-4.1.7.omeftad It ioon and st and al one software, - The contractor

shal | provide all software and procedures required for testing
t he VOR/DME subsystems and the interface between subsystens
durln% Installation at each operational site and that which shal
also be required to provide system operation and control when
normal RMB operation is not possible.

1-4.2 Fail -safe testiimg.— The contractor shall deexelop a test
plan to denonstrate that the FCPU and the VOGR and DME memiikers
wll meet the specified fail-safe requirenents of ﬂaragraphs
3-3.5, 5-3.3.8.9.9.1 and 7-3.3..4, respectively. The
denmonstration test piax shall be submtted to the Governnent for
approval as part of the Master Test Plan (paragraph 1-4.1.4) and
as specified in the contract schedule.

1-4.3 Preventive nmintenance veriification.- The contractor

shal |l verify that the equi pment neets the preventive maintenance
requi renents of paragraph 1-3.5.2 bg providing an analysis O the
mai nt enance procedures that are to be included in the technical
instruction book. The analysis shall be included in the Mster
Test Pl an (Paragraph i-4.1..4) to be submtted to the Governnent
for approval in accordance with the contract schedul e.

L-5 PREPARATI ON FOR DELI VERY
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TABLE 1

August. 7, 1989

VOR-TACAN-DNE CHANNEL FREOUENQIFS AND PAI Rl NG

L

No.
iX
iy
2X
2Y
3X
3Y
4X
4Y
5x
5Y
6X
6Y
7x
7Y
8X
8Y
9x
8y

16x
16Y
1ix
11Y
12X
12y
13x
13y
14X
14y
15x
15Y
16X
16Y

168.00%* 17x

168.05 VOR 17Y

168.10 LS 18X

168.1% 11LS 18Y

g

Chamn .

DNE-TACAN

Inter. Reply
Freq. Fregs.
BR- MHz

1025 962
1025 1088
1626 963
1626 1089
1627 964
1627 1090
1628 965
1628 1091
1629 966
1629 1092
1030 967
1630 1093
1631 968
1631 1094
1032 969
16032 1095
1633 970
1033 1096
1034 971
1634 1097
10635 972
1635 1098
1636 973
1636 1099
1637 974
1637 1100
1638 975
16038 1ioi
1039 976
1639 1162
16040 977
1640 1103
1041 978
1041 1104
1042 979
1042 1105

VHF

Cham.
Freg.
Bz

1068.20
108.25
1068.30
108.35
108.40
108.45
168.50
108.55
108.60
108.65
168..70
108.75
108.80
108.85
168.90
108.95
109.00
169.05
109.10
109.15
109.20
169.25
169.30
169.35
109.40
169.45
109..50
169.55
109.60
109.65
1069.70
109.75
109.80
169.85
109..90®
109.95

VR
VOR
IL8
| § )
VOR
VOR
ILS
ILS
VGR
VOR
ILs
£LS
VGR
VOGR
ILs
ILs
VOR
VOR
IS
ILS
VGR
VOR
ILs
ILS
VEGR
VOR
ILs
IS
VER
VGR
ILs
ILS
VGR
VGR
ILs
IS

%¥108.00 MHz is not scheduled for facilities. | _
channel 17X are assigned to facilities for testing airborne
system conponents.

Page 24

DME-TACAN

I nter.
Cham .

MO
19x
19y
20x
20Y
2ix
21y
22X
22Y
23X
23Y
24X%
24Y
25X
25Y
26X
26Y
27X
27Y
28X
28Y
29x
29Y
36x
30Y
3ix
31y
32X
32Y
33x
33Y
34x
34Y
36x
35Y
36X
36Y

Freag;.

Nt/

1043
1043
1044
1644
1045
1645
1046
1046
1047
1047
1048
1048
1049
1049
1650
10650
1651
1651
1052
1652
1053
1053
1054
1054
1055
1055
1056
1656
1057
1057
1658
1658
1059
10659
1060
1660

Replly
Fregy.
NHZ

980
1106
981
1107
982
1108
983
1109
984
1110
985
1111
986
1112
987
1113
988
1114
989
1115
990
i1ie
991
1117
992
1118
993
1119
994
1120
995
1121
996
1122
997
1123

The frequencies of
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TABLE 1 (continued)
VOR-TACAN-DME CHANNEL FREOUENGIFS AND PAI RI NG

VHE DME-TACAN VHE DME-TACAN
Cham . Inter. Reply Cham. Inter. Replly
Freq;. Cham. Fregy. Freg. Freqs. Cham. Fress.  Fregs.
MHz No. M- MHz MHZ NQ. My MHz

1160.00 VOR 37x 1061 998 111.90 1S 56X 1080 1017
116.65 VOR 37Y 1061 1124 111.95 11L.S 56Y 1080 1143
110.10 LS 38X 1662 999 112.00 VGR 57X 1081 1018
116.15 rLS 38Y 1062 1125 112.05 VGR 57Y 1081 1144
110.20 VOR 39x 1663 1000 112.10 VOR 58X 1082 1619
116.25 VGR 39Y 1063 1126 112.15 VGR 58Y 1082 1145
110.3® 1.8 40x 1664 1001 112.20 VGR 59X 1083 1620
110.35 LS 40Y 1064 1127 112.25 VOR 59Y 1083 1146
100.40 VOR 4ix 1065 1002 60X 1084 1621
110.4% VOGR 41Y 1065 1128 60Y 1084 1147
110.50 ILS 42X 1066 1603 61X 1085 1622
116.55 LS 42Y 10666 1129 61y 1085 1148
110.6® VOR 43x 1067 1004 62X 1086 1023
110.65 VOR 43Y 1067 1130 62Y 1086 1149
110.7® LS 44x 1668 1005 63X 1087 1024
116.75 LS 44Y 1068 1131 63Y 1087 1150
116.80 VOR 45x 1069 1006 64X 1088 1151
116.85 VOR 45Y 1069 1132 64Y 1088 1625
110.9®@ LS 46X 1670 1607 65X 1089 1152
116.95 LS 46Y 1670 1133 65Y 1089 1626
111.00 VGR 47x 1071 1608 66X 1090 1153
111.05 VOGR 47Y 1071 1134 66Y 1090 1627
111.120 1S 48X 1072 1009 67X 1091 1154
111.15 LS 48Y 1072 1135 67Y 1091 1628
111.20 VGR 49x 1673 16010 68X 1092 1155
111.25 VGR 49Y 10673 1136 68Y 1092 1629
111.3®0 LS 56x 1674 1611 69X 1093 1156

111.35 1.8 50Y 1074 1137 69Y 1093 1030
111.4®0 VOR 51ix 1075 1012 113.30 VOR 70x 1094 1157
111.45 VOR 51Y 10675 1133 112.35 VGR 70Y 1094 1631
111.50 LS 52X 1076 1013 112.40 VGR 71x 1095 1158
111.55 1.8 52Y 1076 1139% 112.45 VGR 71Y 1095 1632
111.6® VOR 53x 1677 1014 112.50 VGR 72X 1096 1159
111.65 VOR 53Y 1077 1140 112.55 VGR 72Y 1096 1633
111.70 1S 54x 1078 1015 112.60 VOR 73x 1097 1160
111.7% LS 54Y 1078 1141 112.65 VGR 73Y 1097 1634
111.8® VOR 55x 16079 1016 112.70 VGR 74X 1098 1ié1
111.85 VOR 55Y 1079 1142 112.75 VOGR  74Y 1098 1035
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TABLE 1 (continued)
VOR-TACAN-DME CHANNEL FREOUENGIFS AND PAI RI NG

VHE DME-TACAN VHE DME-TACAN
Cham . Inter. Reply Cham. Inter. Replly
Freq;. Cham. Fregy. Freg. Freqs. Cham. Fress.  Fregs.
MHz No. M- MHz MHZ NQ. My MHz

1160.00 VOR 37x 1061 998 111.90 1S 56X 1080 1017
116.65 VOR 37Y 1061 1124 111.95 11L.S 56Y 1080 1143
110.10 LS 38X 1662 999 112.00 VGR 57X 1081 1018
116.15 rLS 38Y 1062 1125 112.05 VGR 57Y 1081 1144
110.20 VOR 39x 1663 1000 112.10 VOR 58X 1082 1619
116.25 VGR 39Y 1063 1126 112.15 VGR 58Y 1082 1145
110.3® 1.8 40x 1664 1001 112.20 VGR 59X 1083 1620
110.35 LS 40Y 1064 1127 112.25 VOR 59Y 1083 1146
100.40 VOR 4ix 1065 1002 60X 1084 1621
110.4% VOGR 41Y 1065 1128 60Y 1084 1147
110.50 ILS 42X 1066 1603 61X 1085 1622
116.55 LS 42Y 10666 1129 61y 1085 1148
110.6® VOR 43x 1067 1004 62X 1086 1023
110.65 VOR 43Y 1067 1130 62Y 1086 1149
110.7® LS 44x 1668 1005 63X 1087 1024
116.75 LS 44Y 1068 1131 63Y 1087 1150
116.80 VOR 45x 1069 1006 64X 1088 1151
116.85 VOR 45Y 1069 1132 64Y 1088 1625
110.9®@ LS 46X 1670 1607 65X 1089 1152
116.95 LS 46Y 1670 1133 65Y 1089 1626
111.00 VGR 47x 1071 1608 66X 1090 1153
111.05 VOGR 47Y 1071 1134 66Y 1090 1627
111.120 1S 48X 1072 1009 67X 1091 1154
111.15 LS 48Y 1072 1135 67Y 1091 1628
111.20 VGR 49x 1673 16010 68X 1092 1155
111.25 VGR 49Y 10673 1136 68Y 1092 1629
111.3®0 LS 56x 1674 1611 69X 1093 1156

111.35 1.8 50Y 1074 1137 69Y 1093 1030
111.4®0 VOR 51ix 1075 1012 113.30 VOR 70x 1094 1157
111.45 VOR 51Y 10675 1133 112.35 VGR 70Y 1094 1631
111.50 LS 52X 1076 1013 112.40 VGR 71x 1095 1158
111.55 1.8 52Y 1076 1139% 112.45 VGR 71Y 1095 1632
111.6® VOR 53x 1677 1014 112.50 VGR 72X 1096 1159
111.65 VOR 53Y 1077 1140 112.55 VGR 72Y 1096 1633
111.70 1S 54x 1078 1015 112.60 VOR 73x 1097 1160
111.7% LS 54Y 1078 1141 112.65 VGR 73Y 1097 1634
111.8® VOR 55x 16079 1016 112.70 VGR 74X 1098 1ié1
111.85 VOR 55Y 1079 1142 112.75 VOGR  74Y 1098 1035
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VHIP

Cham..
Frreay .

BH&f

116.60
116.65
116.70
116.75
116.80
116.85
116.90
116.95
117.00
117.05
117.10
117.15
117.20
117.25
117.30
117.35
117.40
117.45
117.50
117.55
117..60
117.65
117.70
117.75
117.80
117.85
117..90
117.95

TABLE 1 (continued)

FAA-E-2673/ 11

VOR
VGR
VOR
VER
VER
VOR
VOR
VOR
VOR
VER
VOR
VER
VOR
VOR
VOR
VOR
VOR
VOR
VOR
VER
VOR
VGR
VOR
VOR
VOR
VER
VOR
VOR

113X
113Y
114X
114Y
115X
115Y
116X
iiey
117X
117Y
118X
118Y
119X
119Y
120X
120Y
121X
121Y
122X
122y
123X
123Y
124X
124Y
125X
125Y
126X
126Y

DME-TACAN
%nter. geply
reg; . red.
Miy-  MHZ
1137 1200
1137 1674
1138 1201
1138 1675
1139 1202
1139 1676
1140 1203
1140 1077
1141 1204
1141 1678
1142 1205
1142 1679
1143 1206
1143 1080
1144 1207
1144 1081
1145 1208
1145 1682
1146 1209
1146 1683
1147 1210
1147 1084
1148 1211
1148 1685
1149 1212
1149 1086
1150 1213
1150 1687
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VHIP

Cham..
Frreay .

BH&f

116.60
116.65
116.70
116.75
116.80
116.85
116.90
116.95
117.00
117.05
117.10
117.15
117.20
117.25
117.30
117.35
117.40
117.45
117.50
117.55
117..60
117.65
117.70
117.75
117.80
117.85
117..90
117.95

TABLE 1 (continued)

FAA-E-2673/ 11

VOR
VGR
VOR
VER
VER
VOR
VOR
VOR
VOR
VER
VOR
VER
VOR
VOR
VOR
VOR
VOR
VOR
VOR
VER
VOR
VGR
VOR
VOR
VOR
VER
VOR
VOR

113X
113Y
114X
114Y
115X
115Y
116X
iiey
117X
117Y
118X
118Y
119X
119Y
120X
120Y
121X
121Y
122X
122y
123X
123Y
124X
124Y
125X
125Y
126X
126Y

DME-TACAN
%nter. geply
reg; . red.
Miy-  MHZ
1137 1200
1137 1674
1138 1201
1138 1675
1139 1202
1139 1676
1140 1203
1140 1077
1141 1204
1141 1678
1142 1205
1142 1679
1143 1206
1143 1080
1144 1207
1144 1081
1145 1208
1145 1682
1146 1209
1146 1683
1147 1210
1147 1084
1148 1211
1148 1685
1149 1212
1149 1086
1150 1213
1150 1687
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TABLE 2
VOR/DME SYSTEM-VERIFICATION REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEST LEVEL AND TEST REMARKS
METHOD LOCATION
M m = m o m & “
& E SB_SB.SE 28z 3
5] @m I~ = = @ﬁ . m ue
& 6
(7o)
Pm TITLE mmwm mmmm et o MA
1-3.3.13.2 Adjustment storage D X _
1-3.3.13.3 Remote commumications A,T X
1-1-3.3.14 Frequency sources D X
1-3.3.14.1 Frequency stability T T T X
1-3.3.14.2 Spectrum requirements T T X
1-3.3.14.3 Electromagnetic interference control I,T X
1-3.3.17 Transient protection T X
1-3.3.17.1 Static discharge T X
1-3.3.18 Stabilization of perf. chars. and Mon. Res Time D X
1-3.3.19 VOR and DME auto-reset function T X
1-3.4 Reliability of electronic equipment A,D X
1-3.4.1 VOR MTBF A X
1-3.4.2 IME MIBF A X
1-3.4.3 RSCE MIBF A X =
1-3.5.2 Preventive maintenance time A X ww
1-3.5.3 Corrective maintenance time A X Lﬂ
2-3.3.5 DC output voltage I X !
2-3.3.5.1 48 volt supply T X 3
2-3.3.6 Output capacity T T X X 3
2-3.3.6.1 Battery capacity AT T X X 2
2-3.3.7 Effect of presence of battery bank T —
2-3.3.8 Isolation protection D,T
3-3.3.1.1 VOR/IME RMS functions | b | | B i Xa 0
VERIFICATION METHOD: INSPECTION-I, ANALYSIS—-A, TEST-T, DEMONSTRATION-D B
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TABLE 2
VOR/(DME SYSTEM-VERRHITWITENN REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEST LIWEL AND TEST REMARKS
METHOD LOCATION |
r gé =
i Z <z
> R 2% 22 BE . |5
= ca] _— =T ] = =

= i=zE23EEBES EGE|°

S > HlmS0ms R x = |

=5 RS S5 E828EE 2| 25

a5 TITLE it ZZoEhdlatcn = | 43
3-3.3.1.2.1 FCRU to RSCE interface I X
3-3.3.1.2.2 PMOT interface L X
3-3.3.1.3 PMDT interface coanmhds T T X X
3-3.3.14 Proteend]l, voiice/data interface AT X
3-3.3.1.% Megogy A X
3-3.3.1.6 VotLaltiillitty A X
3-3.3.1.7 Allarm andmessape fornat D X
3-3.3.1.71 Maamn T T T X X
33.3.1.7.2 Maiintrepaiee alerts T T T X X
3-3.3.1.8 VERMERYS sanplliimg frequency T X
3-3.3.1.9 Realltiine cllock AT X
3-3.3.1.10 Trend anallysiis D X
3-3.3.1.11 VGRIBE RMS securitty D X
3-3.3.1.12 Data communications failures D X =
3-3.3.2.1 VOR/ BE-asjsiipment aad! isé tmesait D X =
3-3.3.2.2 VORIME equiipinentt testiing D D | x | x =
7-3.3.2.3.1.1 EM subcaritier frequency T T D X X |
3-3.3.2.3.12 IOHERMs iggad1 T T X Y
3-3.3.2.3.1.3 Harmoniic distorition T T X 2
3-3.3.2.3.2.1 RM outputt level adjustmenit T T X C
3-3.3.2.3.2.2 EM output level stabilliitty T T X —
3-3.3.2.3.2.3 Hum distortiion T T X
3-3.3.2.3.3.1 IOz AN isdjged Ip e LT T X

VERIFICATIEN  METHOD:

INSPECTITONN-,

KMLYWSH-A,

TEST-T, DEMONSTRATION-D
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TABLE 2
VOR/(DME SYSTEM-VERRHITWITENN REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEST LIWEL AND TEST REMARKS
METHOD LOCATION |
r gé =
i Z <z
> R 2% 22 BE . |5
= ca] _— =T ] = =

= i=zE23EEBES EGE|°

S > HlmS0ms R x = |

=5 0SS5 8828EF 2| 25

a5 TITLE it ZZoEhdlatcn = | 43
3-3.3.1.2.1 FCRU to RSCE interface I X
3-3.3.1.2.2 PMOT interface L X
3-3.3.1.3 PMDT interface coanmhds T T X X
3-3.3.14 Proteend]l, voiice/data interface AT X
3-3.3.1.% Megogy A X
3-3.3.1.6 VotLaltiillitty A X
3-3.3.1.7 Allarm andmessape fornat D X
3-3.3.1.71 Maamn T T T X X
33.3.1.7.2 Maiintrepaiee alerts T T T X X
3-3.3.1.8 VERMERYS sanplliimg frequency T X
3-3.3.1.9 Realltiine cllock AT X
3-3.3.1.10 Trend anallysiis D X
3-3.3.1.11 VGRIBE RMS securitty D X
3-3.3.1.12 Data communications failures D X =
3-3.3.2.1 VOR/ BE-asjsiipment aad! isé tmesait D X =
3-3.3.2.2 VORMIME equiiphentt testiing D D | x | x =
7-3.3.2.3.1.1 EM subcaritier frequency T T D X X |
3-3.3.2.3.12 IOHERMs iggad1 T T X Y
3-3.3.2.3.1.3 Harmoniic distorition T T X 2
3-3.3.2.3.2.1 RM outputt level adjustmenit T T X C
3-3.3.2.3.2.2 EM output level stabilliitty T T X —
3-3.3.2.3.2.3 Hum distortiion T T X
3-3.3.2.3.3.1 IOz AN isdjged Ip e LT T X

VERIFICATIEN  METHOD:

INSPECTITONN-,

KMLYWSH-A,

TEST-T, DEMONSTRATION-D
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TABLE 2
VOR/DME SYSTEM -VERIFICATION REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEST LEVEL AND TEST | REMARKS
i METHOD LOCATION
8
x : Ee Q5 2 8 -~
E 328 .84 . S
m <z gEFBE S Ed 5 |9
e . aeEE R R
o, ITLE = e =Y & X
3-3.3.3.1.1 Data transmission D
3-3.3.3.2 Input transformer I
3-3.3.4 Voice identification T
3-3.3.4.1 Voice recording function D
3-3.3.4.2 Erase function D
3-3.3.4.3 Frequency response T T
3-3.3.4.4 Signal to noise ratio T
3-3.3.4.6 Output level T
3-3.3.4.7 Nonvolatility A
3-3.3.4.8 Alternate voice input AD,T
3-3.5 FCPU fail-safe requirements T T K DQT-3 FREQ
4-3.3.3.1 Carrier power output T T X DQT-3 FREQ
4-3.3.3.1.1 Carrier power output level stability and control T T X BQT-3 FREQ
4-3.3.3.1.2 Stabilization of performance characteristics T K
4-3.3.3.2 Output signal spectrum T T W
4~3.3.3.3 MM with 9960 Hz FM subcarrier T T
4-2.3.3.4 AM with 30 Hz T T X
4-3.3.3.5 RF output circuit T X
4-3.3.3.6.1 Power output calibration T T X
4-3.3.3.7.1 Amplitude modulation T T b4 TYPE TEST-1FREQ
4-3.3.3.7.1.1 Amplitude level and stability T b
4-3.3.3.7.1.2 Phase stability for 30 Hz T b
4-3.3.3.8.1 RF tuning adjustments D 1k o
VERIFICATION METHOD: INSPECTION-I, ANA'YSIS—A, TEST-T, DEMONSTRATION -D

1/°8492-d-VVd



Zzg obeg

TABLE 2
VOR/DME SYSTEM -VERIFICATION REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEST LEVEL AND TEST | REMARKS
i METHOD LOCATION
8
x : Ee Q5 2 8 -~
E 328 .84 . S
m <z gEFBE S Ed 5 |9
= L 2g3E2tEe R 2 2
o, ITLE = e =g - | fx
3-3.3.3.1.1 Data transmission D
3-3.3.3.2 Input transformer I
3-3.3.4 Voice identification T
3-3.3.4.1 Voice recording function D
3-3.3.4.2 Erase function D
3-3.3.4.3 Frequency response T T
3-3.3.4.4 Signal to noise ratio T
3-3.3.4.6 Output level T
3-3.3.4.7 Nonvolatility A
3-3.3.4.8 Alternate voice input AD,T
3-3.5 FCPU fail-safe requirements T T K DQT-3 FREQ
4-3.3.3.1 Carrier power output T T X DQT-3 FREQ
4-3.3.3.1.1 Carrier power output level stability and control T T X BQT-3 FREQ
4-3.3.3.1.2 Stabilization of performance characteristics T K
4-3.3.3.2 Output signal spectrum T T W
4~3.3.3.3 MM with 9960 Hz FM subcarrier T T
4-2.3.3.4 AM with 30 Hz T T X
4-3.3.3.5 RF output circuit T X
4-3.3.3.6.1 Power output calibration T T X
4-3.3.3.7.1 Amplitude modulation T T b4 TYPE TEST-1FREQ
4-3.3.3.7.1.1 Amplitude level and stability T b
4-3.3.3.7.1.2 Phase stability for 30 Hz T b
4-3.3.3.8.1 RF tuning adjustments D 1k o
VERIFICATION METHOD: INSPECTION-I, ANA'YSIS—A, TEST-T, DEMONSTRATION -D

1/°8492-d-VVd
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TABLE 2
VOR/DME SYSTEM-VERIFICATION REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEST LEVEL AND TEST REMARKS
METHOD LOCATION
g & z
oz = m Wu m H M E ER = W
[ c5] W = @
s e R EEE
o TITLE FESRE20E hO|a i e | 232
4-3.3.4.3.8 Deviation from average envelope amplitude T X
4-3.3.4.3.9 Output circuit loading T X
4-3.3.4.3.10 Power output during warm up T X
4-3.3.4.4.1 Mean frequency stability T X
4~3.3.4.4.2 Phase control and stability T X
4-3.3.4.4.4 Frequency deviation T X
4-3.3.4.4.6 Amplitude modulation T X
4-3.3.5 External input D X
4-3.4 Stray radiation T X
5-3.3.4 30 Hz AM and 30 Hz FM test point isolation T X
5-3.3.6 Ground check D X
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3-3.3.7.5.1 Mast surface I X q
5-3.3.7.5.2 Mast cable slot I X N
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VOR/DME SYSTEM—VERIFICATION REQUIREMENT TRACEABILITY MATRIX

REQUIREMENTS TEST LEVEL AND TEST REMARKS
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5-3.3.8.3.2 Effect on monitored signal T X
5-3.3.8.3.3.2 Output power T X
5-3.3.8.3.3.3 Qutput stability T X
5-3.3.8.3.4 Frequency response T X
5-3.3.8.3.5 Andio distortion T X
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5-3.3.8.3.7.1 Output power T X
5-3.3.8.4 Isolation from 30 Hz AM signal T X
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5-3.3.8.7 Zero adjustment D X
5-3.3.8.8 Accuracy of azimuth indication T T T X
5-3.3.8.8.1 Stability with changes in signal frequency T T X
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VERIFICATION METHOD:

INSPECTION-1,

ANALYSIS—A, TEST-T, DEMONSTRATION-D




gg obeg

TABLE 2

VOR/DME SYSTEM—VERIFICATION REQUIREMENT TRACEABILITY MATRIX

REQUIREMENTS TEST LEVEL AND TEST REMARKS
METHOD LOCATION
a3 &
= = e e m b= m m N
= m (@p)] ) - o)
7S Amﬂ I = = [l nﬁnv_ﬁ . m -
E BpaiEgrEeoEi 2|2
TITLE e elelistele r'%m g
et ped AW T e fm v e | ¢ - - -
5-3.3.8.3.2 Effect on monitored signal T X
5-3.3.8.3.3.2 Output power T X
5-3.3.8.3.3.3 Qutput stability T X
5-3.3.8.3.4 Frequency response T X
5-3.3.8.3.5 Andio distortion T X
5-3.3.8.3.6 Hum and noise T X
5-3.3.8.3.7.1 Output power T X
5-3.3.8.4 Isolation from 30 Hz AM signal T X
5-3.3.8.5 Detector signal harmonics T X
5-3.3.8.6.1 Azimuth selection D X
5-3.3.8.7 Zero adjustment D X
5-3.3.8.8 Accuracy of azimuth indication T T T X
5-3.3.8.8.1 Stability with changes in signal frequency T T X
5-3.3.8.8.2 Stability with changes in AC line voltage T X =
5-3.3.8.8.3 Stability with voice signal applied T X W
5-3.3.8.9.1 Azimuth fault T T X .
5-3.3.8.9.2 30 Hz AM modulator fault T T X I
5-3.3.8.9.3 ™ sub carrier modulation fault T T X 2
5-3.3.8.9.4 M sub carrier frequency deviation fault T T X n/m
5-3.3.8.9.5 Identification fault T T X ﬁ
5-3.3.8.9.6 Field intensity fault T T X —
5-3.3.8.9.7 Main alarm output T X
5-3.3.8.9.7.1 Alarm bypass control D X

VERIFICATION METHOD:

INSPECTION-1,

ANALYSIS—A, TEST-T, DEMONSTRATION-D




LE ®beg

TABLE 2

VOR/DME SYSTEM-VERIFICATION REQUIREMENT TRACEABILITY MATRIX

REQUIREMENTS TEST LEVEL AND TEST _ REMARKS
METHOD LOCATION
pu Y
e 2 = = m e m m N
m 32 (] = S | ©
i <~zEEIEEOES & | =
: Bes208ERRRels t o
o TITLE ERRBLCREAC|E o
6-3.4.3.7.1.3 Desensitization by adjacent channel T T T X
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6-3.4.3.10.1 Priority of reply pulses T X
6-3.4.3.11 Pulse rate control D X
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7-3.4.2.2.1.1 RF input levels D X 2
7-3.4.2.2.2.1 DME antenna coupling probes T X —
7-3.4.2.3 Directional couplers T T X
7-3.4.3 Key monitored signal parameters T T T X X
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TABLE 2
VOR/DME SYSTEM-VERIFICATION REQUIREMENT TRACEABILITY MATRIX
REQUIREMENTS TEID 4@@. ANDS | B | REMARKS
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8-3.3.2.3 Qutput phase B | <3 W
8-3.3.2.5 9560 Hz reference frequency I~

8-3.3.2.6 Output signal spectrum 2 ob

8-3.3.2.7 Carrier to sideband isolation e 3 7

8-3.3.2.8 Cross channel isolation <3 IT

8-3.3.2.9 Stray radiation 3

8-3.3.3.1 " Distribution function

8-3.3.3.1.1 Blending function ar

8-3.3.3.2 Insertion loss =

8-3.3.3.3 RF phase shift 3 =3

8-3.3.3.4 RF output waveform WIM <3

8-3.3.3.5 Switching isolation B =

8-3.3.3.6.1 Frequency stability =B <P S¥&
8-3.3.3.6.2 Phase stability Z K
8-3.3.3.6.3 Output level and stability =B .
8-3.3.3.7 Master generator oscillator B X
72-3.3.3.7.1 Phase adjust b X
8-3.3.3.8 Stray radiation &3 4
9-3.2.1.2 Commmications unit Aw o3 | X X
9-3.2.1.2.1 Dual voice interface <3 X X
9-3.2.2 RSCE processing unit 3 P | K X
9-3.2.2.1 RSCE interfaces ST 2 T | X X |(Fail-sdfe=D
9-3.2.2.1 RSCE failsafe a X
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August 7, 1989 FAA-E-2678 /2

DEPARTMVENT OF TRANSHORPATCBH
FEDERAL AVI ATI ON ADMIINItSTRATION

VOR)/DME EQUI PVENT
PART 2 - BATTERY CHARGER POWER SUPPLY (BCPES)

2-1 SCOPE - BATTERY CHARGER POAER SUPPLY (BEPS)

2-1.1 Scone of Part 2.- This Part 2 is one of a group of

speci fication docunents under the basic headi ng "Vd&r/DNE

Equi prent”, each of which carries the basic nunber FAA-E-2673
together with an alpha revision letter and _a slant |ine and
number corresponding to the Part nunber. This Part 2 covers
requi rements for the Battery Charger Power Supply (BCPS) to be
furnished as part of the equipment defined in Part 1 of this

speci fication. The BEPS shal |l provide support and backup for the
primary DC battery uninterruptablle power to eguipnpnts descri bed
in Parts 2 through 7 of this specification and additionally for
the charging of battery bank(s) (batteries are not required to be
furni shed under this specification) to provide for continuous
operation upon | oss of station AC I nput power.

-i.2 linmtation of Part 2.- This Part 2 does not conpletely
define the requirenents for physical and electrical interface
with other elenents covered under other parts of this
speci fication, these being the responsibility of the contractor.
Additionally, certain requirenents are defined only by reference
to other parts of the specification.

2-2 APPL| CABLE DOCHINENTS.- (See paragraph iL-2 of Part 1.))
2-3 Ic

2-3.1 Fauiomemit to be furnished bv the contractor.- Each BCPS
shal | be conplete and in accordance with all specification

requi rements. Each BCPS shall be conpletely wired and ready for
operation upon connections of AC power, a battery bank (not
required to be furnished under this specification) and external
control cables. Wen the equipnment is properly connected to the
Government furnished battery bank, it shall constitute an
uninterruptablle power source (UPS).

2-83.1.1 Utihizatioen.— Each set of equi pment furnished under

paragra%h 1-3.2.1 of Part 1 of this specification shall include
one each, BCPS.
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2-3.2 Defiiniitiionss .~

2-3.2.1 Uninterruptablle Dowetr soutree.— A DC power source which
mai ntai ns conti nuous operation with no swi#romg when AC power is
interrupted. This utilizes battery float techniques.

2-3.2.2 Battery flhoat.- Operation of all equipnment shall be
connected to a battery DC source in such a manner that the system
i s independent of the presence or absence of AC power. The S
shal | be supportive of the battery.

2-3.3 Equiipmemit basi c treguirenents.— (See paragraph L-3.3 of
Part 1)..

2-3.3.1 Baginpmen physi cal desi gn and paeckaeiimgy.— (See
paragraph £=3.3.1 of Part 1.)) The BEPS shall be housed in one of
the two (maxi mun) cabinets provided in the equi pnent
configuration required under paragraph 1-3.2.1 of Part 1.

§r3n3f% Modul ar _eonsttuweitiiesh -~ ( See paragraph 1-3.3.1.5 of
art 1.))

2-3.3.3 Priimatrwy power soutree.— (See paragraph 1-3.3.16 of
Part 1.))

2-3.3.4 Transient sueptessiiemh.- (See paragraph 1-3.3.17 of
Part 1.)

2-3.3.5 DC outputt voltaase.— The DC output voltage of the BCPS
(nom nal DC input voltage of equipnent itens furnished under
Parts 3 throu?h 7 of this specification) shall be a val ue which
is an integral multiple of 12 volts, but not to exceed 60 volts.
The system desi gner shall establish tolerances for output voltage
variation, ripple, etc., consistent with the requirenents of the
equi pnent items to be supplied.

2-3.3.5.1 48 volt eupply.— |In addition to the output voltage of
2-3.3.5 above the BEPS shall provide a 48 volt source for
operation of up to ten relays as described in Earagraph
3-3.3.2.9.3 of Part 3 of this specification. or this
application, each 48 volt relay will require 40 mllianperes.

2-3.3.%6 Qutput ecapaeiitty..— The BEPS shall be of Sufficient

capacity to furnish DC power for normal battery float operation
and equalize voltage, as required, for the eqU|Fnent
configuration of paragraph 1-3.2.h. specifically, adequate
current shall be produced to simultaneously power a VOR, DME,
associated monitor(s), and built-in test equipment. The power
required for the DME final anplifier is permtted to be derived
from AC power.
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-3.3 iability.- (See 1-3.4 of Part 1.)
2-4 QUALNTY ASSURANCE.- (See L-4 of Part 1.))

2-5 PREPARATI ON FOR DELIVEERY..—~ (See L-5 of Part 1.))
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DEPARTMENT OF TRANMSMSRENT BN
FEDESRAL AVI ATI ON ADkiTiem SSITRAT IO

VOR)/DME EQUI PVENT
PART 3 - FACILITY CENTRAL PROCESSING UNIT (FERU)

3-h SCOPE - FACILITY CEMIRAL PROCESSI NG UNI T (FEBU)

3-1.1 Scone of Part 3.- This Part 3 is one of a group of
speci fication docunents under the basic headi ng TVGR/DME

Equi pment", each of which carries the basic nunber FAA-E-2673
together with an alpha revision letter and a slant [ine and
number corresponding to the Part nunmber. Part 3 of the

speci fication covers the requirements for the facility centra
processing unit (FCPY) to be furnished as part of a set of
equi pment as defined in Part 1. The FCPU makes the
determnation of the status of all nonitors (WR and DME) t hrough
the initiation of automatic l[imt tests upon nonitor
di screpancies and periodically for certification verification
3-3.8.2.4 and 3-8.3.2.5).. The FCPU stores and transmts al

ata available for use at a renpte site (see FAA-E-2673W/3)). The
FCPU software stores all data (faults, alarms, and shutdowns) for
future avaiildbiliitty and historical record keeping.

3-1.2 limtations of Part 8.- This Part 3 does not conpletely
define the requirements for physsteal and el ectrical interface
with other equi pment elenents covered under other parts of the
specification, these being the responsibility of the contractor
Additionally, certain requirements are defined only through
references to other parts of the specification.

3-2 APPLI CABLE DOCUMENTS. - (See Paragraph 1-2 of Part 1.))
3-3 REQUIREMENTS

3-3.1 Equi pnent to be furnished bv t he eontraeiterr.~ Each
VOR/DNE systemto be provided under this specification shal

include a facility central processing unit (FCPU) conplete and in
accordance with all of the requirenents of this specification.

3-3.2 PDefiimiittiienss-~ The follow ng definitions define non-
standard technical terns and/or special terms that forma part of
this specification.

3-3.2.1 Oneratina tolerance/limiit.— The operatinﬁ t ol erance/
e

limt is the maxi mum deviation or the range fromt st andard
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DEPARTMENT OF TRANMSMSRENT BN
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3-3.2.14 Periodic data.- Periodic data is data accessible via

the data buss or nemory or upon periodic programor request.
Thlf includes the data necessary for fault diagnosis and trend
anal ysi s.

3-3.2.15 Mii nt enance nonitor&¥d.~ The information provided for
mai nt enance nonitoring consists of qualitative and quantitative
data on the actual performance and/or status of the VOR/DME
systens including any individual elenents thereof. This data may
be used for certification, trend analysis or fault isolation
purposes. The transmttal of nmaintenance nonitoring data is not
required to be continuous but shall be programed for periodic
transm ssion, transm ssion upon occasion of faults and

transm ssion upon request. Maintenance nonitoring also includes
the ability to control system operation, control test equipment
for checking the operational status, verifying and setting
monitor alarmlimts and changing certain operational
characteristics of the systens.

2 C “ (2 a a

3-3.2. 16 i nai Nt enan dat a N na PWDT)..— The term
PMDT as used herein is defined as a conmercially available, |BM
conpatible portable termnal with keyboard, nonitor and printer
and as further described in the contract schedul e.

3-3.3 FEPU functioms.~ The FCPU perforns or provides the three
interrelated functions listed bel ow.

(a) VOR/DME renote nonitoring subsystem (RMS)) functions_as
defined in Interface Control Document (ICD) NAS-MD-73®
and as further defined herein.

(b) Provides adjustnent, testing and control capabilities
of the VOR/DME equi pment through appropriate equi pnent
and external interfaces.

(c) Nhna%g% voi ce and data communi cations between the
VGR)/ equi pnent units and the renpte status and
communi cati ons equi pment (RSCE).. Mnages the data
communi cati ons between the VOR/DME equi pnent _units and
t he maintenance processor subsystem (#PS).. The MPS is
not to be furnished under this specification.

3-3.3.1 VOR/DME RMB.- The VOR/DME RMB consists of the various
sensors, mcroconputers, built-in test equipnent (BITE) and

m croprocessor controlled equi pment necessary to locally and
renmotely nonitor, control, record and certify proper operation of
the equi pment units conprising the VOR/DME systens to be
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furnished under this specification. It includes the FCRU, the
environnental sensors to be furnished in accordance with _
par agr aphs 3-3.3.2.10 through 3-3.3.2.10.5 herein and the various
enbedded sensors required for sanpling signals fromthe VOR/DME

equi pent units. It shall be designed in accordance with
Interface Control Docunent (ICD) NAS-MD-790 and the additiona
requi rements specified herein. erational requirements for the
VOR/DME RMB are given in NAS-MD- . Functional requirenents for
t he VOR/DME RMB are given in NAS-MD-788.

3-3.3.1.1 VOR/DME RMB funetiomg.~ The VOR/DME RMS shal | provide

the followng functions:

(a) Monitor each of the mininmumset of perfornance
paranmeters required to determne the operational status
of all VOR)DME equi pment units. The nonitor data shal
be accunul ated on a periodic basis: all nonitor data
and alarm data shall be collected and naintained on a
tine - date basis as historical files.

(b) Process the outputs of each of the nDnitorinﬁ devi ces
as necessary to provide digital signals to the RSCE
interface in the formats defined in NAS-MD-73®. This
digital data shall represent the engineering units
moni tored and require no further correction or
mat hemat i cal cal cul ation before being displayed.

(e} Process the outputs of each of the nonitoring devices
to determne alarmand alert status by conparing the
monitored outputs to predetermned limts. These
limts shall be changeable through the software program
over the entire range of the nmeasured paraneter.

Al larm messages and al ert messages shall not be set and
reset wthin a range equal to two tinmes the m ni num
resol ution of the paranmeter being nonitored above and
bel ow the programmed thresholds. Not |ess than two

t hreshol ds shal |l be provided for each nonitored
parameter. Messages shall be generated and provided to
%gg RSCE interface in the formats required by NAS~-MD-

(d) Perform VOR/DME subsystem fault diagnostics in
accordance with the requirenments of paragraph 1-3.3.7

\AJ Uﬁon request fromthe PNDT interface or fromthe MPS,
the RMB shall provide the current value of each
paraneter in the group or ?roups of paraneters
I ndi cated by the content of the request _
message. Any given request may identify a single
paranmeter, an entire prepro%ranned list of paraneters,
a group of randomy selected parameters, or all groups
of the nonitored parameters.
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() Provide a tppass-thremghh function which provides the
capability to pass nmessages up to 40600 characters in
length fromthe MBS. This capability shall supply. any
addi tional processing or formatting, or both, required
to interface with the communications subsystem

(gyProvide storage capabilities sufficient to store the
current status of alarns and alerts, data values, alarm
and alert thresholds, operator nmenus, and program
I nstructions necessary to support interface functions
on the MPS and test routines needed to neet the
mai ntai nability requirements of (d)) above.

(h) Failure in the RMB shall not propagate, i.e., cause
failures in, or in any way degrade the air traffic
operational capabilities of the VOR/DME system

(i)) I n addition to the Startup/Recovery Command of
paragraph 3.7.2 of NAS-MD-73Mh, the RMB shall respond to
a Master Shutdown command issued from the MPS
interface which will cause the VOR/DME systens to shut
down w thout delay.

3-3.3.1.2 FCPU interffaeess.— The FEPU provi des a central point
for comuni cations between the VOR/DME equi prent and the RSEE and
thence to the MPS. It shall contain the interfaces listed in the
follow ng subparagraphs.

3-3.3.1.2.1 FCPU to RSCE intetffaee.~ The FEPU to RSEE i nterface
shal | be in accordance with EfA standard RS-232 wired as
synchronous data term nal equipnment (DTE).. It shall interface

t hrough a contractor provided commercially avail abl e voi ce over
data nodemw th the Governnent furnished 4 wire tel ephone |ine
described in paragraph 1-3.3.13.%. The interface shall operate
at a mnimumrate of 1200 baud.

3-3.3.1.2.2 Portable nmintenance data termn nal (PMDE)
interface .~ (See paragraph 3-3.2.16.)) The PMDT i nterface shal

be in accordance with ErA Standard RS-232, wired as asynchronous,
data communi cation equi pnent (DEE), full duplex, 28 pin, type D
interface. The PMDT interface shall use eight bit, no parity and
shal | automatically adjust to baud rates of 2400, 480, 960®.

The interface shall be wired to a front panel nounted femal e Mk~
C-24308 (W8-18274) connector. ASCI| characters received via the
PMDT interface shall also be transmtted via the PMDT interface,
i.e., echoed as the characters are received. The PMDT interface
protPc&l, to be approved by the Government, shall be comercially
avai | abl e,

3-3.3.1.3 PMDT interface econmmnds.- Wth the PMDT in | ocal node

commands shall be provided to support the nan-nachine interface

Page 51



FAA-E-2678 /33 August 7, 1989

through the use of a terminal. Each command shall consist of
command menoni ¢ or character followed by the arguments required
for the command, and termnated by the ASCII character CR
Fcarriage return?:. The commands provided shal | support the

ol lowing capabilities as a m ninum

(a) Print and display menu of available conmands.

(b)) Print the neasured val ue of any sel ected paraneter
measured at programmmable intervals. The length of the
intervals shall be programmable from 10 seconds to 60
seconds in 16 second increnents.

(¢) Transmt term nal nessages to the MPS.

(d) Automatically print the content of any nessage
addressed to that termnal

(e) Print the status of the transmtter, transponder and
the nonitors.

(£) Execute the VOR/DME di agnostic routines.

3-3.3.1.4 Protoeall.— The protocol used to control the FCPU to
RSCE data interface shall be in accordance with ANSI-X 3.6,
Anerican National Standard for Advanced Data Conmuni cation
Control Procedures (ADCOB) and NAS-MD-73M.

The voice/data interface between the FCPU and the RSCE shal
require the utilization of audio frequency shift keying (AFSK),,
phase shift keying (PSK) or other simlar comercially available
techniques that will result in data transmssion of at |east a
1200 baud rate while maintaining intelligible, and recognizable
voi ce between 300 and 3000 Hz.

3-3.3.1.5 WMemorw.—- Menory shall consist of the appropriate
combi nati ons of read-only menory (ROM, programmable read-only
menory (PROM), erasable programmabl e read-only nEnDry (EPROV *and
randomaccess nenory (RAM. The basic PROM or EPROM device shal
bﬁ a%$uuable to the Government as a conmercially avail abl e off-
the-shel f item

The FCPU shall have expansion capabilities sufficient to increase
t he nenDrK capacity to 150% of that which is originally_required
to neet the functional requirements specified herein. “This
expansion shall not require any rewiring of existing assenblies.
At |east four spare card slots shall be provided for expansion
capability.

3-3.3.1.6 Volatillitv.- Storage of all control settings,
operational paranmeters and limts, all initialization data, al
data files and fault history shall be provided in non-volatile
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3-8.3.1.32 Data communi cations failures.~ \Wen data

comuni cation failures between the FCPU and the MPS occur, the
procedures of paragraph 3.8 of NAS-MD-790 shall be inplenented.
Additionally, the VOR/DME RMB shall initiate automatic storage of
all data éfaults, al arns and shutdowns) for future availability
and record keeping purposes.

-3.3.1.13 Interface control docunent - The contractor
shal | prepare an I€D in accordance with the applicable provisions
of FAA-STD-@2% and as specified in paragraph 1.3 of NAS-MD-73D.
The contractor prepared I€D shall define all pertinent
information required to interface the RMB with the MPS, provide
data communi cations and other functions required by this
specification. As stated in paragraph 1.3 of NAS-MD-73®, t he kCD
shall not restate or rewite the contents of NAS-MD-73@®.
Additionally, the ICD shall provide the applicable infornmation
reguired by paragraphs 1.3, 38.1.2, 3.1i.2.d4, 8.1.3.4, 3.3.3.2, 3.6
and 3.7 of NAS-MD-73@. Equipnent internal ICDs shall be provided
2¥DL&§Bcontractor as specified in paragraph 3-3.4.5.1 and FAA-

3-3.3.2 FCPU adjustnent. and testina and contwrel.- The FCPU
shal | provide the capability through the FCPU to equi pnent
interface for the adjustnent of all VOR/DME equi pnment controls,
testing and control of VOR/DME equi pment and the ability to test
external systems not to be furnished under this specification.

3-3.3.2.1 VOR/DME equipmenit adhustmentts.—- The FCPU to equi pment
interface shall be such that the adjustment of all VOR/DME

equi pnent controls required for routine and corrective

mai nt enance, VOR/DME certification and the indications thereof
shal | be accessible locally via the PMDT interface or renmotely
fromthe MPS  Procedures nust be provided to ensure that the
secwrit requi rements of paragraph 3-3.3.1.131 herein are not

vl ol at ed.

3-3.3.2.2 VOR/DME equiipmemit testiimg.- The FEPU to equi pnent
interface shall be such that all routine or corrective

mai nt enance testing required to certify proper operation of the
VOR/DME equi pnent I's available locally to the PMDT intexface or
Is available renotely fromthe MPS.

-3.3.2.2.0  Tred i —~ The follow ng test equi pment
functions shal?be provided in the FEPU for use with the VOR.
The exercising of these functions for test Purposes shal | be
controlled locally by the PMDT or renotely tfromthe MPS.

3.3.2.3 VOR test agenerator functioms.— Test generator
functions shall be incorporated within the FCPU equi pnent.

3-3.3.2.3.1 Frevuemew nodul ation (FM _ Signal.- The FM
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subcarrier shall neet the requirenments of the follow ng
subpar agr aphs.

-3.3.2.3.1..1h FM subcarrier fre ~ The nom nal frequency
of the FM subcarrier signal shall be 9960 Hz, frequency nodul at ed
+480 (28 Hz% by a 30 Hz sinusoid. The frequency eviation shall
be adj ustable to 9960 +36@ Hz t hrough 9960 2600 Hz, as a m ni mum
in increments of 16 Hz or less and with stab|l|t¥1 of +4 Hz once
set. The increasing 9960 frequency represents the positive going
30 Hz excursion.

3-3.3.2.3.1.2 30 Hz FM siagnalls.— The sinusoidal signal which
frequency nodul ates the 9960 Hz FM signal shall be 30 Hz 20.0%
percent. The phase of the 30 Hz FM signal shall not vary by nore
than 6.01 degree at any phase adjustnment (3-3.8.2.3.3.0h).

8-3.3.2.3.1..3 Harnoni c distortion.- The total harnonic
distortion of the 30 Hz FM signal shall be less than 6.5 percent.

3-3.3.2.3.2 FM outpuit.— The follow ng shall be required.

3-3.3.2.3.2.1 FM outmut | evel adjjustments.- Means shall be
Frow ded to allow adjustment of the FM subcarrier signal output
evel in steps of 0.5 percent anplitude nodul ati on over the range
of 20 percent nodulation to 40 percent nodul ation (as indicated
on the VOGR nmonitor).

-3.3.2.3.2.2 FM outeut | evel stabiilliitw.— The out put |evel
shall not vary by nore than +0.2 percent for any setting of the
out put |evel (3-3.3.2.3.2.0)).

-3.3.2.3.2.3 Hum distortion.- The root sum square of all hum
distortion frequencies shall not exceed a val ue correspond| ng to
65 dB bel ow the specified m ni mumoutput |evel (3-3.3.2.3.2.h).

3-3.3.2.3.3 30 Hz anphiittwde nodulation (AM Signal.- The phase
of the sinusoidal 30 Hz AM signal shall neet the requirenents of
the follow ng subparagraphs.

3-3.3.2.3.3.1 30 Hz AM si gnal phase.- The noninal phase of the
sinusoidal 30 Hz AM signal shall be within +0.05 degrees of the
phase of the 30 Hz FM signal (8-3.3.2.3.1.2) at an azinuth
setting of 000.® degrees. The phase difference between the 30 Hz
AM signal and the 30 Hz FM signal shall be within k@.05 degree
from nom nal azinmuth setting for any other phase, 000.1 through
359.9 degrees.

3-3.3.2.3.3.2 30 Hz AM eutput | evel adiiustment.- Means shall be
provided to all ow adjustnment of the 30 Hz AM signal output |evel
In steps of 6.5 percent nodul ation, over the range of 20 percent
modul ation to 40 percent nodul ation (as indicated on the VOR
monitor). Means shall be provided for selection of only the 30
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3-3.3.2.4 VOR certificati on varameters.- The certification
parameters |isted bel ow shall be automatically verified by means
of exercising the VOR test generator or other built-in circuitry
as required without interruption of nornmal operation (other than
nmonentary bypass of the nmonitor, if required). The exercising of
the VOGR test generator or other required built-in circuitry or

test equi pment shall be acconplished through the PMDT or S
interface.

Qperating
Certification Tol erance
Service Par anet ers St andar ds Linlits
Cover age Power Qut put Nomi nal At | east 75%
out put of nomi nal
out put
Azi mut h a) Azinuth On course 21.0 degree
Accur acy Al'i gnment at the from standard
nmoni t or ed
radi al
b) Monitor Course Same as
Azi nut h shifts St andar d
in excess
of +1.0
degree shal
cause an
al arm
Cour se a) Modul at i on 30% 28% to 32%
Sensitivity Level
(9960 Hz AM)
b) Modulation 30% 28 to 32%
Level
(30 Hz AM
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Service

Cover age

Di st ance
Accur acy

I dentiiffii—
cation

Certification
Par anet ers

Recei ver
Sensitivity
Moni t or Rewt/
Sensitivity
Al arm

Reply Pul se
Spaci ng

Moni tor Reply
Pul se Spaci ng
Alarm

Recei ver
Decoder

Peak Power DME

Moni t or Peak
Power Al arm

Reply Del ay

Moni tor Reply
Del ay Al arm

Reply Efficiency

Count
Squii t-tter

Low Alarm Li mt
Hi gh Alarm Limt

Moni t or 1dent
Al arm

St andar ds
-94 dBm

-91 dBm

12 us
(X node)

11.2 -
12.8 us
11 - 13 us

1.0 kw
500 w

50 us
(49.3 us
Mount ai n Top)

£B.® us
98%

1350
850
None

Morse Code

est abl i shed
at 1350 Hz

+5 Hz

50

+
+ 50

FAA-E-2678c /3

Operating
Tol erance

Limts
-91 dBm

+1..0 dBm

20.2 us

20..2 us

11 - 13 us

at | east 560w
+10%

70%

+100
850 & 100
None

210 Hz
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3-83.3.2.6 Additional test n rements.~ |n addition to
the certification parameters listed in 3-3.3.2.5, capability
shal | be provided to nmeasure and test the foll ow ng paraneters,
selectable fromthe PMDT or MPS interface with the specified
adj ust ment accuracy:

(a) IégnipO@Fer output duration, rise and decay tines
20.1 us).

(b) Transponder output pulse coding (+0.1 us).
Ce) Transponder receiver echo suppression (+0.0 us).

od) Transponder receiver sensitivity # on channel,
+ 200 kHz and t 900 kHz (+L.0 dB))..

N\ Transponder dead tine (21.0 us).
(£) Transponder output pulse rate (#@.61% + count).

(9) Transponder replies to signal generator interrogations
@®%) .

(h) Signal generator pulse width, rise and decay tine
(¥Q.1 us).

N/ Signal generator interrogation coding (+Q.1 us).

g) Signal generator interrogation rate us (*Q.0.%
) H count%.
3-3.3.2.7 VOGR and DME control.- The control of the VOGR
transmtter and the DME transponder shall nornaIIK be perforned
by the VOGR and DME nonitors, respectively, through the FCPU
equi prent interfaces. \Wen one nonitor shows happy (paragraph
1-3.1.2®.77) and one shows an alarmcondition (paragraph i-
3.1.10.%), the control shall be shifted to the FCPU whereby an
|ntegr|tK verification check shall be made upon the nonitor
show ng happy.

3-3.3.2.7.1 {inteetiity test.- A software routine shall be
provided to test the VOGR and DME nonitors using the built-jn test
equi pment to determne the |ntegr|t% of the equipment. This

check shall consist of exercising the nonitor with the _
appropriate built-in test equipnment through the software routine.
[T this test shows the happy nmonitor to be nmal functioning, then
the FCPU shall have the functioning nonitor do the control of the
VOR or DME. The FCPU shall then continuously informthe VOGR O
DME that only one nonitor shall be used for control. Wen only
one monitor (upon failure of one of the dual monitors) is used,
then the FCPU shall automatically performthe nonitor integrity
test periodically through software control
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3-3.3.2.%.1..1 Test oscillator outwut.~ The test oscillator,
under PMDT or MPS interface control, shall have the capability to

provide a continuously variable output signal fromO to 100,000
mcrovolts. The oscillator shall be able to nodul ate the out put
signal with a 16060 Hz tone adjustable to any value between 206 and
40 percent. The root nean square (RMS) vail=+ of the total
distortion of the 1000Hz test tone shall not exceed 3.0 percent.

3-3.3.2.9.1..2 REO recei ver testiim.~ The FCPU shall include the
menory capability to control the remote testing of the follow ng
paraneters of the main and standby RCO communi cations receivers.

? Voi ce frequency output (on-line receiver)
¢)) Squellch//AGC (on-1ine receiver)
(d) Measurenent of S+N/N (off-line receiver)

3-3.3.2.9.2 Encine generator imgx.— The FCPU shall include
the menory capability to provide for renote testing of the
follomﬁn% performance checks of the facility engine generator
(not to be supplied under this specification).

gg) Status control (on-line or off-line)

Renote stop exercise
di) Engine oil pressure
(&€ Engine cool ant tenperature
Fuel storage tank |evel _
(II CGenerator output voltage (single phase)
Cenerator output current
1) Cenerator output frequency
{) Battery charging rate (1)
Battery cranking voltage (E)
Engine starting tinme (normally |ess than 15 seconds)

; Renpote run exercise

3-3.3.2.9.3 External control refllavs.- For certain Controll
functions, the actual smﬁtchigg will be acconplished by
Government furni shed 48 vol t relays located within or near the
equi pnent or device being controlled. Power for operation of
these relays shall be provided by the BCPS (see Part 2).. The
FCPU shal | Brovide the ground return Path for the agpropriate
relay coil by means of a tenEorary software |atch which shal
Ber3|st for 180 ns +20 ns. or design and test purposes, it may
e assumed that the relay current will not exceed 40 ma under
whi ch conditions the voltage drop across the connecting termnals
shal | not exceed 4 volts. The FEPU shal|l have the capability to
control at least ten external relays. Programmng for this
function shall be included in the software devel opnent specified
I n paragraph 1-3.8 herein.

3-3.3.2.10 Environnental parameters.— The follow ng sensors
together with all necessary cabling, connectors, termnal boards,
encl osures, nmounting hardware and installation instructions shal
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be furnished with each VOR/DME equi pment ‘as specified bel ow.
Measurenents fromthe sensors shall be processed by the FCPU for
transm ssion to the MPS at appropriate times and for output
locally via the PMDT interface.

(a) Intrusion detector (2 each;
b)) Snoke detector (2 each
¢) AC power

d) | nside tenperature (2 each)
e) Qutside tenperature

3-83.3.2.10.1 I ntrusion detector.- The intrusion detector shal
detect the opening of the VOR/DME equiﬁnent room shel ter door and
or the VOR/DME engi ne generator room shelter door (doors or
buil ding not to be furnished under this specification). The
bui l ding security parameter will be timed on when the detector
senses that the door has been open for 0.25 seconds. |If a
portable termnal is not connected to the PMDT interface and a
term nal connected nessage command received via the term nal
connected interface within 5 mnutes, the RMB shall indicate that
the building security paranmeter is in alarmand it shall generate
a priority alarm nessage. |If the portable termnal is connected
and a termnal connected message comrand is received via the
termnal interface within 5 mnutes, the building security
paranmeter shall return to normal. |f after being connected, the
portable termnal is disconnected fromthe termnal interface,
the RMB shall inhibit sensing a building security alarmfor a
Berlod of 5 mnutes prior to resun1n? normal nonitoring of the
uilding security paraneter. |t shall be possible to arm and
disarn1%bypass) the intrusion detector through renote conmmands.

3-3.3.2.10.2 Snoke detector.- The VOR/DME systens shall be
furnished with an ionization type snoke detector for the VOR/DME
equi pment room and a photoel ectric type snoke detector for the
engi ne generator room The ionization type snoke detector shal
meet the requirenents of and bear the |abel of Underwiters
Laboratories, Inc. Standard 268. The photoelectric type
detector shall meet the requirenents and bear the |abel of
Underwriters Laboratories, Inc. Standard 217. The RMBS shal
respond to an alarmindication fromeither snoke detector by
generating a priority snoke detector alarm nmessage.

3-3.3.2.10.3 AC vower.~ FEach VOR/DME system shall be provided
with an AC power sensor. The AC power sensor shall detect the
presence of suitable AC ﬁomer applied to the BCPS equi pment. The
RMS8 shal | respond to a change of the AC power sensor by
transmtting the AC Pomer paraneter during the next poll. The AC
power paraneter shall be sensed to be in alarmif the BCPS is
operating fromthe output of the standby battery bank (2-3.3.&.1))

Page 63



FAA-E-2678 /3 August 7, 1989

3-3.3.2.10.4 Inside temwerature.- FEach VOR/DME system shall be
furnished with two inside tenperature sensors. The tenperature
sensors shall provide the tenperature inside the VOR/DME equi p-
ment shelter and inside the engine generator room (neither to be
furni shed under this specification) to the RMB with a m ni num
resol ution of one degree centigrade. The acenracy over t'ie range
of -40 to +50 degrees centigrade shall be E two degrees
centigrade. The RMB shall be progranmable for an upper and | ower
tenperature limt and shall transmt an alert nmessage during the
next poll if a limt is exceeded.

3-3.3.2.10.5 Qutsi de tenweraitwires.~ FEach VOR/DME system shall be

furnished with an outside tenperature sensor. The tenperature
sensor shall provide the outside tenperature to the RMS with a

m ni mum resol uti on of one degree centigrade. The accuracy over
the range of -50 to +70 degrees centigrade shall be + two degrees
centigrade. The outside tenperature shall be available as an
entry on the site data report.

3-3.3.2.11 FCPU nonitor and control functions.- In

the certification parameters of paragraphs 3-3.3.2.4 and
3-3.3.25, the tests and nmeasurenents of paragraph 3-3.3.2.6 and
the environmental paraneters of paragraphs 3-3.3.2.1®.1 through
3-3.3.2.10.5, the additional paraneters and functions to be

moni tored and controlled shall be proposed by the contractor and
submtted for Governnent review and approval as part of the
Prelimnary Design Review to be held in accordance with the
contract schedule. The contractor's proposed |ist shall include,
as a mninum all nonitored parameters with nornal, alarm and
pre-allarm|imts, all transn1tter/transP0nder si gnal
characteristics, adjustments and controls, the testing of al

moni tor alarm paranmeters, monitor alarmthreshold adjustnents,
noni tor bypass controls, equipment transfer and reset and ot her
functions necessary to conglg with the intent and requirenents O
par agraphs 1-3.3.13 and 3-3.2.15 herein.

addi ti on to
n

3-3.3.3 FEPU communi cations functions.- The FEPU shall provide
t he conmuni cations functions described in the follow ng
subpar agr aphs.

-3.3.3. ' lons with th CE_siite.— The communication
between the VOR/ DME facility and the RSEE site is via 4- wire
lines (see paragraph £-3.3.13.3)) and the follow ng subparagraphs
sgahgmapply. Level s shall be adjustable between -30 dBm t hr ough
+ .

3-3.3.3.1.1 Data Transmissiian.- Data fromthe FCPU shall be
converted for transmi ssion (see paragraph 3-3.3.0.4) over the

tel ephone line along with the comunications voice.” It shall be
possible to remove the data fromthe voi ce/ data channel and
convert it for use at the RSCE site (see Part 9).. Hardware shall
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a mnimmof 2 hours. Batteries nay be used to provide the 2
hour nonvolatility.

3-3.3.4..8 Alternative Voice fnput.— The equi pment shall include
PrOV[SIOHS to accept an alternate voice input from Governnent

urni shed equi prent that will be used to con*inuouslly moedirlate
the voice channel of the VOR transmtter whem it is not being
modul at ed by voice on the dedicated tel ephone line. If the
Governnent elects to use the alternate voice input, it shall be
used in lieu of the voice identification of paragraph 3-3.3.4 and
the voice identification shall be disabled with no adverse
effects. The ﬁush to tal k (PTT) signal of paragraph 9-3.2.1.2
shall renmove the alternate voice input fromthe voice channel of
the VOR transmtter and connect the dedicated line in its place.
Application of the PTT signal shall additionally cause a 600 ohm
| oad to be sinultaneously Placed across the input termnals of
the alternate voice input line to preclude open circuit damage to
the equi pment connected to the line. The line shall be nade
avail able, by the Government, to a contractor furnished termna
board within the cabinets containing the FCRU.

3-3.4 Software

To performthe functions required by section 3-3.3 above, FCPU
sof tware conponents shall, as a mninmm be provided as follows.

(a) Renote Mnitoring System (RMS) software (sections 3-

3.4.1 through 3-3..4..42)
(b)) %)eratl ng software (3-3.4.%)
(c) Fault diagnosis software (3-3.4.%)

}d? I nstal lati on and checkout software (3-3.4.7)

e) UWility software (3-3.4.8)
The nost detailed requirements presented to the contractor by the
FAA are in the RMB software; for this reason the follow ng
sections discuss these RMB requirenents in terns of functional
requirements, reqU|redUProceSS|ng of nessage sequences, allowed
message structure, FCPU/MPS conmuni cations interface
requirenents, and spsck?ic VOR/DME RMB requirenments. Software

requi rements found el sewhere in the FEPU specification are then
al located to the remaining software conponents.

-3.4.1 ftwar

The RMB software shall inplenent the required software for data
collection, alarm detection, nessage processing, and the
communi cations interface with the Maintenace Processing System
(WPS)),, as described i n NAS-MD-73(, NAS-MD-73%, and 3-3.2.13.

The RMB software shall provide the capability to performdata

col lection of all available data (see Parts 1 through 7 of the
specification) fromthe VOR, DME, environnental, and
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conmuni cations equipment. This data shall be organized into
logical units: a logical unit is defined as a collection of
paranmeters by physically segregated hardware, comon functions,
or conditions that have functional and/or physical commonality.
Logical units are used to group all reportable paraneters,
including status and conditions.

The VOR/DME RMB software shall use both periodic scannin% and
software or hardware interrupt techniques to detect and handl e
faults, alarms, or status changes fromany nonitored paraneter.

The RMB software shall also provide the capability of generating
?essﬁges to be used by the MPS for determning alarms fromthe
acility.

The RMB software provides operator access _and control over the
VVGR/DME equi pnent installation, through either a Mintenance Data
Term nal (NEWP attached to the MPS, or the Portable Mintenance
Data Termi nal (PMDD) (3-3.2.18)) attached to the FCRu. The RMS
software shall support two distinct nodes of operation, involving
on-site security, and MPS security, communications and control.
During normal operation, the RMB shall be in renote control node,
in which all control is provided by MPS, and the RMB provides
pass-through access from PMDT to MPS. During authorized on-site
mai nt enance the RMB shall be in local control node in which the
technician at the PMDT is in control. The RMB software shal

enter renote control node on initialization if MPS comunications
are active, and local control node otherwise. The authorized

mai nt enance technician may request the MPS that the renpte
control node VOR/DME RMB enter |ocal control node. MPS
communi cations fails during renote control node, the RMB shal
enter local control node. |f MPS communications are
reestablished during local control node, or if the technician
relinquishes local control, the VOR/DME RMB shall reenter renote
control node after notification to the technician.

VOR/DME security functions shall consist of tmo_prina%¥ _
conponents: physical security and process security. e physi cal
security conponent shall handle the nonitoring and reporting of
access to VOR/DME facilities and_the detection and reporting of
snoke within these facilities. The process security component
shal |l control access to and use of the RMM data bases and the
ot her RMMI functions such as renmpte certification, and renote
control and adjustment. The RMB will be involved in process
security because of its role in providing on-site security
control, and in the interfacing of the PMDT at the VOR/DME site
with the MPS.

The RMB system adm nistration function shall consist of two
primry conponents: systeminitialization and system
performance. The systeminitialization conponent involves the
execution of activities associated wth the start-up of a
computer within the RMB after a planned shutdown or an unpl anned

Page 67



August 7, 1989 FAA-E-267% /3
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The RMB shall also contain the capability for collecting selLf-
test and nonitoring information on the status, perfornance, and
use of its own hardware and software elenents. This data shall
provide the means for evaluating the performance of the RMS
related hardware and software, as opposed to the equi pment being
nmonitored by the RMS.

(B) Retrieval of equipment data by RMB

The col | ection of equipnment and RMS paraneter data shall be done
automatically by the RMSB on a regular basis and with no need for
human intervention. The VOGR/DME equi pnent RMB shall sense such
paranmeters no | ess than once every five seconds (ref. 3-3.3.L..8).
The collection of data at the RMS level, for normal equipnent

moni toring and al arm purposes, shall be perforned w thout the
need for a command froman MPS or PMDT connected to the RMS, and
at pre-defiined i ntervals. FEach critical parameter shall be
checked for an alarmcondition at |east once during the interval
bet ween the recei pt of consecutive Bolls fromthe MPS. The
VOR/DME RMS polling interval shall be a site adaptable paraneter
set by the MPS so as to allow the RMB to detect and present
alarms and state changes fromall designated logical units wthin
an average time of 10 seconds and a maximumtine of 60 seconds.

The data acquisition process shall not interfere with the norna
operation of the equi pment being nonitored. Passive or non

i nvasive data collection techniques, hardware,and software, shal
be used to the maxi num extent possible. A failure of any of the
data retrieval hardware or software shall not affect the norma
operation of the equipnent. The data acquisition process shal
be perfornmed in such a manner that it shall not interfere with
the execution of any of the other RMB functions.

(¢)) Data conditioning

Data collected by an RMB’s sensors shall be conditioned

i medi ately after being collected. Conditioning shall include

t he conversion of anal og outputs from sensors to an equival ent
d!Plta! form any necessary scaling of sensor data, any necessary
filtering, and any other digital preprocessing required to ﬁut
%Eg data in a formsuitable for processing and storage at the

-3.4.1.1. rocessing.- The VOR/DME RMS shal| performa
nunber of operations on the data it collects. Data processing
required of the VOR/DME RMB shall include, but not necessarily be
limted to data conparisons, storage and updating, retrieval, and
formatting into nmessages for transm ssion up-line.

3-3.4.1.1..2.1 Data econvariisons.- The VOR/DME RMS shal | have the
necessary algorithms and hardware for conparing paraneter val ues
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collected by the RMB with a set, or sets, of threshold val ues.
These conparisons shall be used to determne failure conditions,
change of state conditions, the VOR/DME equi pnent's response to
remote control and adjustment or initialization conmands, and to
support the renote diagnostic function

(a) Alarm determ nation

Qut-of -tol erance conditions and failures of VOR/DME equi pnent
shall be identified through a conggéison of the equi pnent
paraneter val ues obtained by the sensors against their
respective operating threshold values. For each alarmrelated
equl pment paraneter, which has other than an on/off state, a
separate set of threshold values shall be stored in the RMB’s
menory for determning hard alarmand soft alarm conditions.
Soft alarmthreshold val ues shall be renotely changeable. A

t hreshol d val ues shall be stored in digital form

After collecting an equi pment's parameter val ues and perform ng
any necessary data conditioning, the RMB shall automatically
retrieve the alarmthreshold values for that paraneter and
conpare them with the collected value. The shal | establish
through this conparison, whether or not the paraneter is wthin
required operating limts: within required limts, but outside a
desired operating range (an indication of a soft alarm: or
oPtﬁ%de required operating limts (an indication of a hard
alarn.

An alarmremains active until the paraneter is again within
threshold values (returns to normal). Only one alarmshall be
generated for each occuremes, unless a soft alarm becomes hard or
returns to normal. An alarmstate shall not be established on
the basis of only one conparison: filtering, and/or averaging
shal | be performed depending on the equi pnent and paraneter.
Therefore, for sone parameters, several conparisons of the output
froma sensor may be perforned before an alarmstate can be
declared. This requirenent is intended to mninize the
declaration of alarns due to transient conditions.

(b)) Return to normal determ nation

Return to normal conparison shall be_perforned by the RMS as part
of its data conparison activities. This conparison shall be
perfornmed to determne if a paraneter previously in an alarm
condition is again within threshold values for several

conparisons, using a nethod corresponding to those used for alarm
determnation for the parameter. his determ nation shall cause
generation of a Return-to-Nornmal nessage for the paraneter as
requi red by NAS-MD-73@®.

(¢) Change of state determ nation
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Change of state conparison shall be performed by the RM8 as part
of its data conparison activities. his conparison shall be
performed to determne if the VOGR/DME equi pnent, or one of its
conponents, has changed to another state (for exanple, from an
operational state to a failed state, or froma failed state to a
normal state). The RMS shall be capable of maintaining a record
of the state of each of the nonitored parameters for at |east
three interrogation cycles. The retrieval and conparison of this
state data shall be performed as part of each cycle in the
paraneter retrieval and conparison process.

3-3.4.1..2..2.2 Data storage, retrieval and updatiimg.

(a) Data storage

The RMB shal |l have sufficient storage capacity to store, as a
mni mum the follow ng data:

i. Alarm Threshold Val ues.

Sufficient threshold data shall be stored at the RMS to determ ne
two possible alarmconditions for each of the critical paraneters
being nonitored: out of tolerance conditions (hard alarns) and
conditions indicative of an inpending failure (soft alarns). It
shal | be possible to change the RMB’s threshold val ues fromthe
MPS or froma PDMT in |ocal node

2. Par ter State Val .

Storage capacity shall be provided for the storage of data that
describes the state of each critical paraneter, i.e.,
normal / operational or alarm

3. Rennte Control and Adhustment Comrand Codes.

The RMB shall be capable of storing the information needed to
decode the renmote control and adjustment commands it is required
to respond to. Renote control and adjustment capabilities for
the RMS, and their associated command codes shall be defined by
the contractor and shall conformwth the format presented in
NAS-MD-73( .

4. [nitialization Tables.

The RMB shall be capable of storing the initialization
information, needed to initialize the RMS, in changeable, non
volatile menmory. Local site changes to this information nay be
down-| oaded from an MPS or PMDT (naxi num 512 bytes) as descri bed
I N NAS-MD-7/33 .

5. uli t
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conmuni cations between RMB and MPS. The data shall be stored
until conmunications is reestablished, and then sent to the MES.
At alngplnunl storage capacity for data fromten alarnms shall be
avai |l abl e.

(b) Data retrieval

Equi pnent and RMB paraneter val ues collected and stored by the
RMS, their associated hard and soft alarm threshold val ues
certification parameter values, and certification threshold

val ues shall be retrievable through the use of requests issued to
the RMB through the MPS, and through commands entered from a PMDT
in local node. It shall be possible to retrieve equi pnent
performance and certification related data fromthe in the
follow ng ways:

1. In Total. It shall be possible to retrieve and
transmt up-line, all of the RMB“s nonitored equi pnent
parameter values at one tine. This shall be
acconpl i shabl e through the use of a single NAS-MD-73®
Schedul ed Pol | request.

2. In Sub-Grewwss or fouiieall Units. The required | ogical
units of related critical VORyDME equi pment parameters
are identified in paraqraph 3-3.4.4.1@. The data for
these logical units shall be stored in such a way that
the data for the different logical units can be
retrieved and transmtted up-line separately. This
retrieval shall be acconplished through the use of a
single request fromthe MBS, and through the use of a
single conmand froma PMDT in | ocal node.

Four logical units are required in every RMS: RMB
master, termnal, environnmental, and communications
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(¢)) Data updating

Equiﬁnent and RMB parameter values and status data being stored
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After new equi pment performance data is collected and processed,
it shall be witten over the data collected and stored during the
previous data acquisition cycle. Only the npst current equi pnent
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response to requests for data.

3-3.4.1.1..2.3 Nessauge deneration.— The VOR/DME RMB shal | be
capabl e of generating a series of reports and messages in
response to: (1)) requests for data, (2) renmote control and
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adj ust ment conmmands, (3)) initialization conmands, and (4) the
identification of alarnms or state changes by the RMS.

PResultt and tRespenssel" nessages shal|l be generated automatically
bg an RMS, without a need for secondary commands. For exanple, a
tccotroll Result Message" shall be generated by an RMB as part of
Its resPonse to the receipt and execution ct a Control Command.

It shall not be necessary for a systemuser or MPS to issue a
command to the RMB to generate and transmt the ttcamtroll Result
Messagget* after issuing the subject Control Conmand.

Time stanping of RMB Messages shall be required. Message formats
shall include timestanp fields, and the RMB shall automatically
performthe time stanping based on the value of the FCPU real -
tine clock (described in paragraph 3-3.3.1.%).. The RMS shal

al so be capable of receiving and interpreting a time

synchroni zation Equi pment Control Command nessage from the MPS,
addressed to the RMB Clock |ogical unit, that causes adjustnent
of the FCPU real-time clock (as required in 3-3.4.4.20@ herein).
I't should be noted that the time received fromthe MPS will be
aPprOX|nate, because of delays associated with the transm ssion
of the time synchronization conmand from MPS t 0 RMS.

Partial descriptions of the formats for these nmessages are
presented in NAS-MD-73@. Detailed descriptions are to be
provided in the contractor-prepared VOR/DME-MPS ICD (see
par agraph 3-3.3.1..13))..

(a) Alarm Messages

Alarm states shall be described in the €D provi ded by the
contractor. An alarm nessage (either an Alarm State Report or an
Al arm Paraneter Report) shall not be generated each time an alarm
state is determned (as described in 3-3.4.1.2.5(@&)) for a
particul ar equipnent paraneter: only one alarm state nmessage
shal | be generated per alarm occurrence as determned in multiple
data acquisition cycles. If an RM8 is in the local control node
when an alarmcondition is identified, no alarmnessage shall be
generated by the RMB for transmission up-line to the MPS.

(b) Return-to-Normal Messages
Simlarly, a Return-to-Normal nessage shall be generated when a
Paraneter previously in an alarmstate is determned to be within
imts in nmultiple data acquisition cycles.
(c)) Control state change rel ated nessages
Wien a control state has been changed by the MBS, a system user
or the equiprment RMB (e.g., autonmatic switch over fromprinmary to

back-up unit), the appropriate control state change message shal
be automatically generated nythe RMS.
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3-3.4.1.1..2.4 Trend data storaqge

The VOR/DME RMS software shall have the capability of progranm ng
for automatic storage at 1 to 72 hour intervals (adjustable in
hyzlhour steps) of all parameter data selectable for trend

anal ysi s.

3-3.4.1.1..2.5 Command processiing.— A prinary function for the
RM8B shal |l be responding to commands fromthe MBS. This includes

actions performed in response to a failure, as well as actions
performed when no failure condition is declared. Exanples of
this capability include initializing the subsystem and the

adj usting of equipnent control paraneters as operational demands
on the equipnent change.

(a) Equipnent remote control, adjustnent, diagnostic and
initialization requirements

Renote control, adjustnent, diagnostic, and initialization
capabilities and conmands shall be defined by the contractor and
shal | be documented in the contractor-prepared ICD. The RMS nust
be capabl e of receiving and recognizing valid conmands,
controlling the execution of those commands, determning the

equi pment's state after the execution of the comand, and
generating the appropriate nmessage for reporting the results to
the user who issued the command.

(B) Command acceptance and verification
The RMB shal|l be designed to accept commands formatted in
agéordance with the conmand nessage format presented in NAS-MD-
790..

Upon receiving a conmand nessage, the RMS shall verify that the

conmmand is a valid command. i's shall be acconplished through
the use of the command code transmtted as part of the comand
message. |f the conmand is found to be an invalid command, the

RMS shall generate the appropriate Conmand Reject Message to
report that the command was not execut ed.

(¢)) Command execution

If a conmand received by the RM8 is found to be a valid conmand,
the RMB shall select and execute the appropriate process control
al gorithm or change the desired equi prent paraneter val ue.
Execution of the command shall be acconplished without a need for
secondary commands or human intervention. If the RMB is in the

| ocal control nmode when a conmand comes fromthe MPS, the conmmand
shall not be executed and a Command Rej ect nessage shall be
formatted for up-line transm ssion.
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acquisition of facility and RM8 perfornmance data and al arns
through on-site control.

(2)) System performance

The VOR/DME RMB shal | be capable of nonitoring its own
performance and reporting instances of failures or unacceptable
performance of its hardware and software conponents. The RMB's
design shall include hardware and software nmonitors for the

aut omatic nnnitorinﬂ and recording of information on the status
and use of its own hardware and software elenments. Alarms and
status information gathered under this capability as a Logical
Unit shall be transmtted to the MPS or PMDT connected to it in
the same way as facility related alarnms and status information.

3-3.4.2 RMB process descriptions

3-3.4.2.1 Mbaitokind function

3-3.4.2.1..1 Gbiieetive.- The nmonitoring function permts the

I npl ementation of all the other RMMS operational capabilities
which require the use of either real-tine or historical data for
assessing the performance of renote equi pment.

3-3.4.2..1..2 Process deserﬁwtﬁepuf_Mwﬂtpring t he performance of
VOR/DME equi pment at renote facilities will De possible froma
centralized location (the remote control node) or at the facility
site (the local control node). Under the rempte control node,
the capabilities of the RM8 will be controlled by the MPS only.
Wien the RMB is being operated in the renote control node, the
MBS Wi || oversee and control the overall nonitoring process,
controlling access to the nonitoring requests. The RMS in the
equipment will still, however, control and performthe actua
acqui sition of the VOR/DME equi pment's performance data.

Wien in the |ocal control node, the RMB’s capabilities will be
controlled by an authorized user at the RMB site. Mnitoring of
the performance of the VOR/DME egU|pnent, under the |ocal control
nvde,fmﬂll use a PMDT connected directly through the FCPU-PMDT
interface.

In either renote or local control node, it will be possible to
moni tor equi pent on both a demand basis and automatic basis.
On-demand nonitoring will provide a capability for retrieving the
performance data fromthe VOR/DME equi pment at some unschedul ed
tine, and for some user specified period of time. Automatic
monitoring will provide a capability for the retrieval of VOR/DME
equi pment performance data, which must be acquired on a regul ar
and frequent basis, w thout human invol venent, using continuous
poIIin% of alarm state change, and return-to-normal messages as
described i n NAS-MD-73Mm. The major difference between the two
monitoring nodes will be in the way the data retrieval process
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will be initiated and in the way the requested infornmation wll
be dissemnated. The follow ng discussion describes processing

for renmote control node: in |ocal control node, messages pass
directly between the PMDT and the RMS.
3-3.4.2.1.2.1 Denand nmonitoring.~ The seww:tsce of event;; and

t he subfunctions associated with demand nonitoring, when an
authori zed user, working at an MDT, or the PMDT attached to the
VOR/DME FCRE, wants to nonitor the perfornmance of a specific
VEEVUﬂﬁ equi pment site fromthe MPS, are presented in this
subsection

i. ®Bs. The functions that the MPS will have to perform
to get an RMB to respond to a data request are described

below.  They will, for the nost part, be the same functions
Perfoyned by the MPS in support of the autonmatic nonitoring
uncti on.

a. Retrieve Data Request Message:. At predeterm ned
intervals, the MPS will poll the MDT, or PMDT via
VOR/DME RMS, to retrieve an* data or message
waiting for transm ssion. he data request
message W Il be transmtted up-line to the MPS in
response to such a poll.

b. Identiifw Data. Upon being received by the MPS,
the nessage function code transmtted with the
message W || be decoded to determ ne the nmessage's
type} content, and priority. Function code
Identification tables will be maintained in 2
MPS’s data base for this purpose.

c. Interwreit Data. Prefixes, such as a nessage
function code and address codes, transmtted with
the data request nessage w |l be decoded to
?ﬁte&géne what processing is to be performed by

e .

d. Securitcy Check, Before any action is taken by the
MPS a security check will be nade to determne if
t he individua re?uesting the data is authorized
to receive it. If the results of this check
indicate that the requester is not authorized to
receive the requested data, a nmessage refusing the
request will be generated by the MPS and rouH%d to
the data requester's termnal for display. €
data request session would be termnated by the
MPS after the refusal nmessage is transmtted down-
line to the requester's ternminal. Information on
t he unaut horized request for nonitored data will
al so be entered into a security file, as part of
t he session cl ose-out process.
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be formatted into the appropriate Paraneter
Response nessage. Paraneter values woul d have

al ready been placed in the required order and
designated field. Formatting at this point would

i nvol ve addi ng the necessary conmunication control
characters, nessage function code, and address
codes. An address field stcred in the RMS’s data
base will be used to determne the correct address
information to add to the Paranmeter Response
message.

3-3.4.2.1.2.2 Autonatic monitering.— The RMMB will provide for
the retrieval of equipnent data from RMBs w t hout any hunman
intervention, through the use of an autonmatic nonitoring
capability. Automatic nonitoring will differ from denand
monitoring in the way the process is initiated and in the way the
retrieved data is dissemnated. Data collection and processing
requirenments for the RMB will be the same under autonmatic
monitoring as those required of the RMS under demand nonitoring+
ProcesﬁﬂM? requi renents for the MPS under automatic nonitoring
wll be slightly different than those under demand nonitoring.

Under automatic nonitoring, continuous polls (lowlevel protocol
pol|s as described in NAS-MD-73®) for retrieving equi pment
performance data froma particular RMS8 will be generated
automatically by the MPS. A schedule for retrieving data from
eguipnﬁnt assigned to a particular MPS will Dbe specified in site
adapt abl e tables maintained in the MPS's data base. These tables
wi || be scanned on a regular basis to determne if a Paraneter
Request nessage has to be generated in order to retrieve any

equi pnent performance data. Paraneter Request nmessages generated
through this process will be routed to the target RMS in the sanme
manner described previously. \Wen the response to the Paraneter
Request nessage is received by the MPS, the data wll be
processed for storage in the MPS’s data base.

3-3.4.2.2 Alarm function

3-3.4.2.2.1 Obiieecitiiwe.—~ The prinary objective behind

i npl enenting the alarmcapability is to reduce the anount of time
that passes between when an equi pnent failure, out of tolerance,
or state change condition occurs, and when the appropriate
personnel are notified. This capability will also provide
personnel responsible for the equipnent with an indication of
what conponent or equi pnment subsystem caused the alarm or of the
severity of the problem by providing values for the nonitored
paraneter that triggered the alarm state change notice, or
return to normal nessage.

Page 80



August 7, 1989 FAA-E-2678 B

3-3.4.2.2 2 Process deseriiption.— The automatic al arm detection
and notification function wll provide immediate notification to
the organi zational elenent having naintenance responsibility of
t he VOR/DME equi pnent. Al arm recognition processing wll be
Perforned automatically as eqU|pnent/faC|I|tK problens or
ailures occur. Unlike other functions, such as the nonitoring
function of the renote control and adjustnment function, the alarm
function will be driven by actions that occur at the VOR/DME
sites.

Equi pment parameter values will be collected on a regular and
frequent basis by the RMS through sensors. The RMB will conpare
the collected parameter values with predefiined tol erance limts,
or threshold values, to determine if an alarmcondition exists.
If an alarm condition is detected, the RMB will generate the
appropriate alarm message and then store it until it can be
retrieved by the MPS.

The MPS will be responsible for retrieving alarm messages by
polling the RMS. The sequence of events and the subfunctions
associated with autonmatic alarm detection and notification are
presented bel ow.

i. Ereme. The functions required of the RM8B in order to
detect failure, state change, or return to normal conditions and
report such occurrences are presented bel ow

a. Cet Discrete and Anafledq Data. The acquisition of
alarmrel ated system performance data shall be performed by a
data acquisition subsystemof the RMS. It wll provide the
interface between the RMB and the actual equiprment. It wll
consi st of sensors and stimulators which will be enbedded in the
VOR/DME equi pnent bei ng nonitored.

The sensors wi |l acquire both anal og signals/data (e.g., AC
voltage, AC current, line frequency, etc.) and discrete
signals/data (e.g., contact closures or voltages indicating the
oMt or M@FAt status of intrusion alarns, engine generators,
etc.). Stimulators will be required for equipment such as
monitors or transmtters, to provide a controlled and known
signal for use in checking their performance. The data
acquisition process will be automatic and continuous, and wl|
not inti;fere with the nornmal operation of the equi pnent being
moni t or ed.

_ b. Condition data. Conditioning of analog data
acquired fromthe sensors nay be required before conparisons can
be made with the respective alarmtolerance limts. Some
conditioning and data conversion may be autonatically perforned
%%ghhe sensor level. The remainder will be performed by the
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c. Retrieve Tolerance Limts Data. Qut-of-tolerance
conditions or state changes shall be determ ned through a
conparison of the parameter values obtained by the sensors
a%alnst their respective tolerance linmts. Tol erance and
threshold data will be stored in the RMB in sone form of
changeable, non volatile menmory. Mechanical storage devices
shal I not be used.

Sufficient tolerance limt data shall be stored at the RMB to
determne two possible alarmconditions: actual failures and the
detection of snoke or physical intrusion at the facilitr (hard
alarms): and conditions indicative of an inEending failure (soft
alarms). Hard alarmthreshold val ues shall be adjustable UE to
fixed limts. Hard alarmlimts wll be absolute and not changed
on a frequent basis. Soft alarmconditions will be determ ned
through the use of a separate set of threshold values. These
values wll be chosen such that a soft alarmw || be generated
before a failure occurs. They will be adjustable up to the hard
alarm threshol d val ues.

As part of the alarm checking process, the RMB nust retrieve the
appropriate threshold values fromtheir respective data b%se
files. This retrieval activity will be performed automatically.

In order to establish whether or not an equi pnent status change
has occurred, the RMB nust also retrieve status related paraneter
val ue data for the previous interrogation cycle. This historical
data will be stored in the RMB’s data base for retrieval at this
tine.

d. Conpatre Data. The threshold values retrieved wll
be conpared with the actual parameter val ues obtained fromthe
sensors.  This conparison wll establish whether or not an alarm
condition exists, and if so, what kind of alarm A state
conparison will also be perforned as part of the data conparison
activity. The current status related paraneter values wll be
conpared agai nst the last set of values for those paranmeters to
determne If there was a state change since the previous
interrogation cycle. The state conparison will estatslish if the
equi prent has gone froma non alarm operational state to an
alarm state or vice versa

e. nerate Al ar t at n

If a parameter goes froma non-alarmstate to a soft alarmstate,
an alert nessage shall be generated. |If a parameter goes from
either a non-alarmor a soft alarmstate to a hard alarmstate,

an al arm nessage shall be generated. |f a paraneter goes from an
alarmstate to a non-alarmstate, a tReturn-itoNvoraidl™ nessage
shal | be generated.
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requi rements. The receipt of a Certification Command shall
be established at this point. The response required of the
RMB shall be to transmt all of its current certification
paraneter val ues.

3. Certification Data Retrieval.- Once the RMB receives a
Certification Command message, it shall begin collectin? t he
requested data fromthe RMS sensors. In sone cases, off-
line tests may have to be performed to acquire the data.

The certification data collected by the RMB sensors shall be
conditioned inmrediately after being collected and then
grouped in a logical unit and stored.

4. Format Data. Before the certification data stored by
the RMB are transmtted to the MBS, they shall be formatted
into a Certification Paraneter Response nmessage. The
Certification Paraneter Response nessage shall have the sane
fermas a Site Data Report defined in NAS-MD-7/2®m. Paraneter
val ues shall have already been placed in the required order
and designated fields. Formatting at this point shal

i nvol ve addi ng the necessary communi cation control
characters, message function code, and address codes. An
address file stored in the RM8’s data base shall be Lsed to
determ ne the appropriate address information to add to the
response nessage.

3-3.4.2.3.2.2 Aut onat ed eertiification.~- The RMMS provides for
the automated retrieval of equipnent certification data fromthe
VOR/DME RMB wi t hout any human intervention. This capability i8
referred to as automated certification. Automated certification
differs fromdenmand certification primarily in the way the _
process is initiated and controlled. The automated certification
process wll be controlled conpletely by the MPS, as opposed to
an authorized person. Functions and processes required of the
MIRYDNE RMS Wi || be the sane under the automated certification
nmode as under the demand certification node.

3-3.4.2.4 Rennte control and Hu function

3-3.4.2.4.1 Obiieettiiwe.~ The prinmary objective to be achieved

t hrough inplementation of the remote control and adjustnment
capabrlity is the ability to perform equi pment restoration
activities and/or equipnent adjustnents to correct sone equi pnent
out-of -tol erance conditions fromthe MPS.

3-3.4.2..4..2 Process deseriivtion.— The renote €ontroll and

adj ustment capability will permt systemusers at the MPS to
power equi pnent up or down, and adjust equipment to correct out-
of -tol erance paranmeters without having to visit the site.
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The functions that the RMS shall performafter it receives a
Lepnte control or adjustment conmand are described in detai
el ow

1. Receive Command. When a conpl ete control or adjustment
command has been received bK the RMS, the command address
data shall be exam ned by the RMB to determ ne whether it is
to be retained and processed by the RMS or transmtted to
the PMDT.. This examnation will establish that the conmand
has reached its intended device destination and that some
resppnsg to or processing of the command just received is
required.

2. Interwreit Command. The nmessage function code
transmtted as part of the command shall be interpreted next
to determ ne what type of nessa?e has been received by the
RMS, and, therefore, what kind of response is required.

This decoding activity will establish that a control or

adj ust ment command has been received, as opposed to some
other type of nessage. Message function code definitions
stored 1n the RM8’s nenory shall provide a nmeans for
decodi ng the nmessage function code.

3. Execute Command. A command code and | ogical unit
address will be transmtted as part of the command nessage.
The RMB shall decode the command code to determ ne what
control or adjustment action has to be perfornmed. The

| ogical unit address will tell the RMSB to which |ogical unit
the command has to be directed. The command code Wil
instruct the RMB to take one of several actions:

0 Reset and restart operations (i.e., clear all nonitored
data sanples, clear all alarminformation, unlock any

di sabl ed autonatic switch over functions, etc.):

0 Performall start up/recovery actions, such as the
actions described above, and all of the actions
normal Iy performed during initial power-on:

0 Turn equi pnent off or on:
0 Change equi pment paraneters; or
0 Change threshol d | evel s/ val ues.

Renote control and adjustment capabilities and commands for the
VOR/DME RMS shal| be docunented in the contractor-ﬁéepared
VOR/DME-MPS ICD as specified in paragraph 3-3.3.1.13.

The RMS shall performthe required command action by selecting
and executing the appropriate process control algorithm or
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The functions that the RMS shall performafter it receives a
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di agnostics function are the sane as those required for the
moni toring and alarmreporting functions.

3-3.4.2.5.2.1 Demand di agnostics. - The VOR/DME RMB shal

control and performthe actual diagnostics. The subfunctions
performed by the RMB in support of the demand diagnostic function
are presented bel ow.

1. Received Message. A Fault Diagnostic Command nessage
may be addressed to a logical unit, or the PMDT, as wel | as
the RMS, at the contractor's design option. In this event,
a Fault Diagnostic Command nessage received by the RMB shal
be exam ned upon receipt to determne whether it is to be
processed by the RMB or the PMDT or retransmtted to a
VOR)/DME subsystem  The address code transmtted as part of
the nessage shall be examned to see if the nessage has
reached its final destination.

2. Intervreit Messade. After establishing that the message
has reached its intended destination, the nessage shall be
interpreted to determne what action is required of the RMS.
The nmessage function code transmtted with the Fault

Di agnosti ¢ Command nessage shall be decoded, determ ning
that the RMB is required to performeither fault or
paranmet er diagnostics on the equi pnent.

3. Run Diagnestiie Test. After interﬁreting the Fault

Di agnostic Command nessage, the RMB shal| run one of two
types of diagnostics routines on the equiprment, nanely,
fault or parameter.

4. (btain Diagnostie Results. The acquisition of fault
data shall be perforned by the data acquisition subsystem of
the RM8. This subsystem shall provide the interface between
the RM8 and the actual equipnent. [t shall consist of
sensors which shall be enbedded in the VOR/DME equi pnment
bei ng di agnosed.

5. ndition Diawnostiie Results. The data acquired from
the sensors naK require conditioning prior to being _
processed by the RMS. Sone conditioning and data conversion
shall be automatically performed by the processor subsystem
of the RM&. The necessary Eroce55|ng of this data sha

take place at the RMB and the result of this processing
shal | be either identification of the bad LRU or the fault

I nformati on.
6. Format Diadgnoestiie Results. The fault data collected by

the RMS sensors shall be formatted into a Fault Diagnostic
Result nessage, which shall have the formof a Site Data
Report, as defined in NAS-MD-73h.
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3-3.4.2.5 2 2 Automatiic diaumesiiicz. - The VOR/DME RMS shal | have
the capability to acquire fault information automatically (i.e.,
Wi thout any human intervention). This capability is referred to
as autommtic diagnostics. It differs fromdemand diagnostics
primarily in the way the process is initiated and controlled. It
shall Dbe conpletely initiated and controlled by an RMS, as
opposed to an authorized person. That is, once the VOR/DME RMB
detects an alarmit shall automatically run a diagnostics test to
identify the faulty LRU(®).

This automatic diagnostic function shall be identified as a
distinct logical unit (LU) within the VOR/DME RMS. Once the
diagnostics test is conplete, the data acquired fromthe test
shall be formatted into a Fault Diagnostics Report |ogical unit
message, having the formof a Site Data Report, as defined in
NAS-MD-73®. This nmessage then shall be transmtted up-line as
the RMB’s response to an MPS poll of this logical unit.

3-3.4.2.6.1 Gbiectiime. - The physical security conmponent shal
handl e the nmonitoring and reporting of access to VOR/DME
facilities and the detection and reporting of snoke w thin these
facilities. The objective of the physical security function is
to provide for imrediate notification of instances of _intrusion,
snmoke or fire at equi pment facilities housing RMBs. This
function shall provide for inproved response tines for handling
such occurrences.

3-3.4.2.6.2 Process descmivttiem. - The physical security
function can be viewed as a subfunction of the alarmfuncCtion.
Like the alarm function, it shall provide for inmrediate
notification to the personnel having responsibility for the
VOR/DME facility. It shall also be driven by events that occur
at the VOR/DME site. However, unlike the alarm function, the
physi cal securitﬁ function will not be concerned with the
Berfornance of the equipment at the VOR/DME site but will only
e concerned with the security of the renote site.

Physi cal security processing shall be initiated and driven by
actions that occur at the VOR/DME site. A detailed description
of the processing that the VOR/DME RMB shal| performin order to
detect and report instances of snoke and unauthorized entry at
the VOR/DME site is presented bel ow.

1. Get Discrete Data, The VOR/DME facility shall have
sensors to detect the presence of snoke and the opening of
doors. These sensors shall be monitored on a continuous
basis by the RMB in the sane way that the RMS shall nonitor
equi pment performance paraneters. The retrieval of data
from these sensors, by the RMS, shall be automatically
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performed without a need for conmands fromthe MPS or system
user.

2. Retrieve Alarm State Values. Instances which warrant
the generation of a security alarmshall be determ ned by
conparing the sensor state values obtained with trorrlt
state values for each sensor. The normal state val ues shal
be maintained in the RMB’s data base. As part of the alarm
checking process, the RMB nust automatically retrieve the
necessary normal state values fromits data base.

3. Comvare Data. The outputs fromthe security sensors
shal | be conpared with their respective normal state val ues.
This conparison shall establish if an alarm condition
exists, and if so, what kind of security alarm An alarm
state conparison nust also be performed to determne if the,
current state represents a change froma non alarmstate to

an alarm state or vice versa. he results fromthese
conparisons shall provide the basis for generating any alarm
messages.

4. nerate Alarmor Stat 1] . If the

conpari son of the sensor outputs with desired val ues

i ndicates that an alarmor status change condition exists,
the RMB shall generate the appropriate nmessage for _
transmission up-line to the MPS. \Wen a snoke or intrusion
alarm state is identified, an Alarm State Report shall be
generated by the RMS. |f an alarmgoes to a non-alarm
condition, a return-to-normal message will be forwarded to
the MPS for that paraneter

3-3.4.2.7 Process seeutiittw function
-83.4.2.7. Pr

The process security function controls access to the VOR/DME RMS
t hrough the PMDT, using security functions provided by the MES.
The RMB shall normally be in renote control node, whenever

communi cations to the MPS are available. The PMDT shall be used
bK an on-site mai ntenance technician to obtain local control from
the MPS when required, and shall receive |ocal control fromthe
RMB on MPS communications failure. On-site security provided by
the RMB shall control PMDT access to the RMS under al

ci rcumst ances.

- . 3 ° = . i

The RMB shall sense for the connection of a PMDT to its serial
port on the FCPU, and offer a pronpt for on-site entry sign-on.
A two-step sign-on command, when correctly entered, shall cause
the VOR/DME RMB to respond to subsequent commands. Since the
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user password identifiers equate to various levels of security,
each command entry shall be validated against the applicable
security level list before execution. Each sign-on command entry
shall be reported to the MPS. At |east 24 unique six-character
user password identifiers shall be provided. These passwords
shal | be maintained as an On-Site Security logical unit for
remote administrative maintenance.

The first step shall consist of the oFerator entering his user
identification. The second step shall consist of the operator
entering his password. Neither the identifier characters nor the
Passmord characters shall be displayed. Invalid entries shall be
| agged as errors, and shall cause the access procedure to halt
and return to the idle (wait) sequence. A timer shall be
provided to reﬂU|re a sign-on procedure to be repeated if the
Interface is idle for nore than 15 mnutes. Any valid messages
transmtted over the interface shall reset this tinmer.

The first |level password (highest) shall give access to al
possi bl e data and command executions, including MPS access during
renote operation. The second |evel shall provide access to all
data, and controls for changing alert limts, during |ocal
operation. The third |evel shall provide access to enwinammae;itall
data and status of VOR)/DME equi pnent only.

These levels of security are intended to control stand-al one
operation during installation, and maintenance at an installed
VOR/DME site in the absence of MPS communications. The level of
security established during entry shall not restrict operator
access to MPS during remote control node, or MPS security for
change to local control node.

3-3.4.2.7..1..2 Rennte control npde seeumitta.

PMDT entry, at any level of on-site security, shall provide
access to commands requesting MPS access as a standard

Mai nt enance Data Termnal (MDT). The VOR/DME RMB nust pass all
communi cations through between PDMT and MBS w thout alteration
during such access. The MPS security procedures shall apply to
al | PMDT access to RMMl dat abases and commands, as folllewss: no
RMB functions are necessary to inplement the follow ng
procedur es.

Wien | ogging on through the MPS Io?on screen and using
information typed on that screen (tacility ID, cost control
center, MPS password), user authorization and equi pment
assignnent records maintained in the MPS data base will be
checked to determ ne whether or not the requester is authorized
to access the specific VOR/DME site originating the request. If
the results of this check indicate that the requester is not

aut hori zed, a nessage refusing the logon will be generated by the
MPS and routed to the data requester's termnal for display.
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with a centralized capability for initializing the RM8’s conputer
system

3-3.4.2.8.2 Process desemrivitiimm. - The system initialization
function shall verify that the FCPU and RMS software are fully
operational, and load initial parameters from non-volatile

menory.  The function shall then permt authorized system users
to clear or set counters and re%isters to their starting val ues,
and to | oad any necessary variable or constant values which have
to be reloaded before an RMB can be started after a shutdown, and
to restart the shutdown RMS.

| mpl enentation of the systeminitialization function shal

i nvolve the use of the PMDT and the MPS. A detailed description
of the RMS related processing requirenents for the system
initialization function is presented bel ow.

Svstem Initialization Process. - Start-up or reinitialization of
the VOR/DME RMB shall be initiated through the entry of a Start-
up/RecoyerY Conmand nessage via an MDT |ocated at the MPS, or via
a PMDT in [ocal control nmode. Upon receipt of a Start-
uE/REcovery Command, the VOR/DME RMB shal | automatically exesute
atever actions are required to restart the RMS (e.g., perférd
self-tests, clear registers, reset counters, etc.). Start-
up/ Recovery actions may include the reloading of a renotely
loadablle data base for site-specific data (500 bytes maxi num.

i. Receive Start-uw/Reeovery Command. \Wen a nmessage has

been received by the RMS, it shall be exam ned upon receipt
to determne if it is to be processed by the RMB or
retransmtted to the PMDT. The address code transmtted as
part of the Start-up/Recovery Command nessage shall be
gxan]ned to determne if the nessage has reached its final
estination.

2. Interwrett . Atter establishing that the Start-up
Recovery Command has reached its final destination, the
message function code transmtted as part of the message
shal | be decoded to determ ne what action is required by the
RMS. This determ nation shall be acconplished through the
use of a message ID file maintained in the RMS’s data base.
The decoding activity shall establish that the RMS is to
Pﬁrfghg1all of the actions required to start-up or restart
e .

3. [Execute RMS Start-uw/Recoverv Actions. Upon recognizing
that a Start-up/ Recovery Command has been received, the
VOGR/DME RMB shal | performall necessary reset operations
e.g., clear all/any nmonitored data sanples, set internal
regrsters to zero, unlock any automatic sw tchover functions
whi ch nay be disabled, performself-tests, etc.) and verify
the success of these reset operations. Failure of these
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operations shall result in an alarmcondition. The VOR/DME

RMB shall have a renotely lLoadablle data base capability, and

therefore, on success of the reset operations, shall also

%enerate t he Data Base Downl oad Request message required to
ave the data for the data base downl oaded fromthe MES.

4. Transmt Data Base Downl oad Reauwesit. The Data Base
Downl oad Request nessage generat ed b% the RMB shall be
placed in the appropriate transmt buffer or tenporary
storage location until it can be transmtted in response to
a poll fromthe MBS. Upon receipt of the request message,
the MPS shall format the requested data into a Data Base
Downl oad nessage, and transmt the Data Base Downl oad
message to the RMS.

5. Receive Data Base Downl oad Message. Wien the Data Base
Downl oad nessa%e Is received by the RMS, it shall be
subjected to the sane sequence of exam nations as the Start-
up/ Recovery Conmand nessage. Decoding of the message
function code transmtted as part of the Data Base Downl oad
message shall establish both the receipt of the requested
data base data, and that the contents of the nessage | ust
received are to be stored in the RM&fs non volatile nenory.

6. Store Messade Contents. Upon recognizing that it has
received a Data Base Downl oad nessage, the VOR/DME RMS shal
autonatically extract the transmtted data and store the
individual data items in their respective storage |ocations
in the RMB’s nenory.

7.. Conpl et e Start-uw/Restart Actions. Wien the requested
data has been stored, the RMS shalli conpl ete any

initialization actions which were not conpleted prior to the
recei pt of the requested data base data. After all start-up
actions have been conﬁleted, the RMB shall autonatically
transfer control of the RMB fromthe start-up prograns to
the command processor conponent of the RMS.

8. ConfirmRBMS Start-wy Resttatt. After start-up/restart
actions have been successfully conpleted, the RMS shal
generate and transmt up-line a Data Base Downl oad

Acknow edgenent nessage and a Start-up/ Recovery nessage.

The Data Base Downl oad Acknow edgenment nessage shall be used
to informthe MPS that the downl oading of the data base
itens was successful. The Start-up/Recovery Result message
shall be routed to the user termnal fromwhich the Start-
up/ Restart command message, Wwhich started the initialization
process, originated. Receipt of the Start-up/Recovery
Result message at the user termnal shall nmark the end of

t he session.
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If the restart of RMB is being performed at the |ocal site, all
transm ssions stated as being to and fromthe MPS will, instead,
be to and fromthe PMDT connected to the RMS.

3-3.4.2.9 Svstem perfomrmmres function.

3-3.4.2.9.1 Obijectiiwe. - The objective of the system perfornance
function is to provide information to evaluate the performnce of
the VOR/DME RMS; this function will control the nonitoring and
recording of performance data on the hardware and software
conponents of the VOR/DME RMS,, and its dissemnation to required
personnel or stora?e in an appropriate data base file. It shall
provide the neans for detecting RMB failures and contributors to
the unacceptabl e perfornmance of the RMS.

3-3.4.2.9.2 Process deserigitiimn. - As a system support function,
the system performance function shall not be concerned with the
operation of the operational equipnent that the prinmary RMM
functions shall be concerned with. This function will be
responsi ble for monitoring and recording data on the perfornance
of the RMB itself. Failures of RMB conponents shall be

determ ned through the use of RMB perfornance data collleck?d
under the system performance function. The actual determ nation
of a failure or inﬁending failure of the VOR/DME RMS conponent
shal | be acconplished as part of the alarmrecognition processing
described for the Al arm Function

Included in the design of the VOR/DME RMB shal | be sensors and
%ﬁgllcatlon prograns to monitor the performance of the VOR/DME
hardware and software. These hardware and software nonitors
shal | automatically nmonitor and record information on the status
and use of the RMB”s hardware and software el enents. This
information will be stored at the RMS, as a logical unit, for use
in determning alarmconditions for the RMS. he parameters in
the RMB Logical Unit, |ike other parameters, shall be available
for retrieval by the MPS (the renote control node) or through the
use of a PMDT at the facility site (the local control node).
Wien a VOR/DME RMSB is being operated in the remote control node,
the retrieval of RMB performance data shall be eontroLlled by the
MPS. Wien a VOR/DME RMB is being operated in the |ocal control
mode, the retrieval of this data shall be controlled by the
individual at the RMB site. To minimze redundancies, only the
col lection of RMS perfornmance data while an RMS is being operated
in the remote control node shall be addressed in the renainder of
this process description.

Wen a VOGR/DME RMB is in the renote control node, RMB performance
data shall be transmtted up-line in response to an MPS generated
data request based upon a schedul e requirement or a need by

anot her processor (referred to herein as Automatic System
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Performance), or in response to a request from an authorized
system user (referred to herein as Demand System Perfornance).

3-3.4 2.9.2.] Adanatic svstem wverformeme. - The RMB shal
control and' perform the retrieval of its system performance data.

The actions perfornmed by the RMB during the acquisition, storage,
and transm ssion up-line of this data are described bel ow.

1. Svstem Performance Data Retrieval. The RMB shall be
de5|gned with a self-nonitoring capability. This

capability shall allow for the collection of the data needed
to detect the failure or inpending failure of RMB
components, and to evaluate the perfornmance, efficiency, and
utilization of the VORy/DME RMB as opposed to the VOR/DME
equi pnent .

Gven that nmany of the capabilities of the RMB shall be

provi ded through the use of software, instead of hardware,
software monitors shall be used in conjunction with hardware
monitors. Together, the hardware and software nonitors
shal | collect the data needed to evaluate the utilization of
the RMS’s nenory and CPU, track the effect of changes to the
RMB’s hardware and software, detect voltage fluctuations in
the RMB equi pment or the failure of a conponent of the RMS.
The system performance nonitors shall also provide the neans
for maintaining records on the RMB's transaction related
activities. The retrieved RMB perfornance data shall be
condi tioned and scal ed, when appropriate, and stored in such
a manner that it shall be retrievable separate fromthe
fﬁCI%héy performance data also being retrieved and stored by
the .

2. Receive Speciiffiic Pol|. Al transmssions received bK
the RMB shall be exam ned upon receipt to determne if they
are to be processed by the RMB or retransmtted to the PMDT.
The RMB shal| exam ne the address data included in the

subj ect specific poll. The receipt of a specific poll for
system perfornmance data shall be established at this %0|nt.
The response required of the RMB shall be to format the
ﬁgg”s system performance data and transmt it up-line to the

3. Retrieve and Format Data. After establishing that it
has to transmt its system perfornmance data up-line, the RMB

shall retrieve the required data fromits data base and
format the data for transmssion. The data shall be
transmtted in the formof a Paraneter Response nessage.
Formatting shall involve placing the data elements in their
appropriate message fields and adding the necessary

communi cation control characters to the actual nessage.
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communi cation control characters to the actual nessage.
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-3.4.3.2. . nent enuneration. - By explicit
enuneration, each nessage defined for the VGR) RMB shal | be
separately presented. At each level, an identification code
shall be used to enable convenient reference of the conponent in
higher levels. A name or phrase shall be used to establish the
basic role of the component (such as "nmeasured paraneter valiget)..
The actual conponent description shall be in terns of data
el ements and fields. Additional descriptive data shall be given
t hrough use of exanples wi th supporting interpretation.

3-3.4.3.2.1..h.11 Dependenciiess. - A nmessage fornat na% be
requestt— or sState-dependent. A command assenbled within the MPS
and transmtted to the RMB may inplicitly define the format of
the return nessage, Wwhich is thus request-dependent. The data
contained in the request may be the basis for determning the
format of the response. Simlarly, the state of the RM8 may al so
deternmine the nessage format. The range of possible dependency
classes is as follows:

(RESIT) Request |ndependent, State |Independent: Message
type and location is adequate to access RMB
resident table(s) for all necessary format
i nformati on (pre-defiined))..

( RDSIT)) Request Dependent, State |ndependent: RMB
resident tables augnented by information derived
from the request.

( RISD)) Request | ndependent, State Dependent: RMS
resident tables augmented by information derived
from the nessage itself.

(RDSD)) Request Dependent, State Dependent: RMB resident
tabl es augmented by information from the request
and information derived fromthe nessage itself.

VOR/DME RMB nessages shall each be identified with one of these
dependency cl asses.

3-3.4.3.2.1.1h2. Data elements. - Data elements shall be the
first organizational level in the nessage structure. A data
elenment is here defined as a string of octets where the
interpretation of the octets is consistent (ASCII characters, BCD
digits, binary nunber, etc.), and the string has a fixed
application dependent neaning. For exanple, a paraneter value
may be an absolute value of voltage transmtted as a sixteen-bit
bi nary nunber, thus defining the data elenent of the value itself
as a two-octet binary nunber.
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_ - Fields are the second
I n the message structure.

Afieldis

here defined as a string of data elenents organized in such a

way as to be a self-contained, meaningful

in

Standard field types are enunerated in Figure B. |t
articular fields shal
ield types are naned and their
structure defined in terms of data el ements.

th
As

formation.

is catal og of types that
with data el enments, the

FI ELD TYPE

el ement of

is from
be chosen.

FI XED NUMBER OF DATA ELEMENTS

VARI ABLE NO. OF REPEATI NG GROUP
OF DATA ELEMENTS

CONSTANT NO. OF REPEATI NG GROUP
OF DATA ELEMENTS

CONSTANT NO. OF DATA ELEMENTS
FOLLOAED BY VARI ABLE NO OF
REPEATI NG GROUPS

CONSTANT NO. OF DATA ELEMENTS
FOLLOAED BY FI XED NO OF
REPEATI NG GROUPS

FI GURE B:

PARAMETERS

NDE: NO OF DATA ELEMENTS

NDG: NO OF DATA ELEMENTS IN
REPEATI NG GROUP

NDG: NO. OF DATA ELEMENTS IN
REPEATI NG GROUP

J: NO. OF REPEATI NG GROUPS

kiv:: NO OF DATA ELEMENTS I N
CONSTANT GROUP

k2: NO. OF DATA ELEMENTS IN
REPEATI NG GROUP

kh:: NO. OF DATA ELEMENTS I N
CONSTANT  GROUP

k2: NO. OF DATA ELEMENTS I N
REPEATI NG GROUP

g NO. OF REPEATI NG GROUPS

STANDARD FI ELD TYPES
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3-3.4.3.2.1..0 4 Messadess. - Messages are the third and

hi ghest organi zational level in the allowed nmessage
structure. A nessage is here defined as a string of fields
organi zed in such a way as to permt proper association of
the fields with correspondi ng processing routines.

Standard nessa?e tyPes are enunmerated in Figure €. |t is

fromthis catalog of types that VOR/DME RMB nessages shall be
construct ed.
MESSAGE TYPE PARANETER
FI XED NO. OF FI ELDS NE: NUMBER OF FIELDS
REPEATI NG FI ELD GROUP - k2: NO OF FIELDS I N REPEATI NG
VARI ABLE GROUP
REPEATI NG FI ELD GROUP - k2: NO OF FIELDS | N REPEATI NG
FI XED GROUP

J: NO. OF REPEATI NG GROUPS

VARI ABLE NO. OF REPEATI NG k2(ii)y: NO OF FIELDS IN ith
FI ELD GROUPS OF VARl ABLE REPEATI NG GROUP
REPETI TI ONS EACH

FI XED NO. OF REPEATING FI ELD k2(ii)y: No. OF FIELDS IN ith

CROUPS OF VAR ABLE REPITL- REPEATI NG GROUP
TCONS EACH
J: NO. OF REPEATI NG GROUP
STRUCTURES
VARI ABLE NO. OF REPEATI NG k2(ii)y: NO. OF FIELDS IN ith
FIELD GROUPS OF FI XED REPEATI NG GROUP

REPETI TI ONS EACH
& NO. OF REPEATI NG GROUPS

IN ifh STRUCTURE OF
REPEATI NG GROUPS

FI XED NO. OF REPEATING FI ELD k2(ii)y: NO. OF FIELDS IN ith
GROUPS OF FI XED REPETI TI ONS REPEATI NG GROUP

EACH
I(j): _ NO OF REPEATING FI ELD
GROUPS | N ith REPEATI NG
GROUP

J: NO. OF REPEATI NG GROUP
STRUCTURES

FIGURE €: STANDARD MESSACGE TYPES
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3-3.4.3.2.1..2 Applieation protoewell ovetaftiieth. ~ These
factors shall be discussed in the Application Layer section
of the VOR/DME-MBS LCD.

1. Nornmal Cycle: the normal cycle of operation to
periodically retrieve data,

2. Allarm Responses: the sequences of events in response
to alarm situations.

3. Commands and Responses: the sequences of events to
ef fect execution of commands fromthe MPS to RMS.

4. RMB performance: the sequence of events to obtain
status data pertaining to the performance of the RMs.

3-3.4.3.2.1.2.11 Operations repiesenitzgitish. - The VOR/DME-
MPS ICD shall present operations associated with nmessage
sequences using flow charts to describe processing and
message sequence dependencies. The use of flow charts in
describing such operations is to abide by the symbol
conventions established in FIPS-BUB-24. |n conjunction with
the flow charts, specific nmessage dependenci es and

transm ssion sequences shall be illustrated in time sequence
di agrans conparabl e to those used i n NAS-MD-73), section 4.4
and followng, or Appendix Cto ANSI X3.66 ADCCR.

3-3.4.3.2.1.2.2 Normal cvelie ovetatiiem. - The nornal cycle
of operation consists of the routine sequence of events
descri bing the exchange of nessages between the RMB and MBS
for the periodic retrieval of data. This shall be discussed
in the VOR/BME - MPS I€D through a top level system flow
chart representing an overview of normal system operation

QO her operational factors may be treated as exceptional

condi tions and di scussed through individual flow charts
branched off the normal systemflow charts. The types and
sequences of messages exchanged between the RMB and MPS under
the normal cycle operation shall be identified.

3-3.4.3.2.0.2.3 Alarm reseomses:. - Al arm responses consi st
of the exceptional sequence of events occurring outside the
normal cycle operation. The VOR/DME - MPS L£€D shal | describe
t he exchange of messages upon the occurrence of each alarm
condition. \Wen the RMB detects an alarm condition, an
exception condition shall be presented in systemflow charts
as a hardware or software interrupt of the normal cycle, in
which the RMS shall assenble the alarm nmessage according to
the specified format and report the alarm nessage to the MPS
in response to polling. The eercted MPS responses after the
recei pt of the alarm nessages shall also be discussed using
time sequence diagrans. The discussion shall describe the
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RMB return to nornal cycle operation, concluding the
exceptional sequence.

Because the sequence of events for reporting the alarm
nmessage to the MPS is dependent on the particular RMB
operational state at the tine of the alarm the discussion of
RMB al arm response in the VOR/DME-MPS ICD shal |l consider at a
mnimumthe follow ng cases of RMB operational state:

a. Alarm during the process of transmtting data or a
command nmessage to the MPS,

b. Alarm during the process of receiving a comand
message fromthe MPS,

c. Alarm during the state of being ready for transmtting
the necessary al arns.

3-3.4.3.2.1.2 4 Conmand resvomses. - Conmand responses
consi st of the sequence of events required to effect _
execution of commands fromthe MPS to the RMS. Discussion of
?oppand responses in the VOR/DME-MPS ICD shal | include the

ol | ow ng:

a. Types of MPS generated conmands:

b. RMB processing events for each type of command using
flow charts:

c. RMB nmessage exchanges with MPS during the conplete
processi ng of each command, using tine sequence
di agr ams.

3-3.4.3.2.1.25 RMB svstem werformmice. - RMB system
performance consists of all factors considered in eval uating
success of the VOR/DME RMB in its nission. RMB system
performance paraneters shall nake up the RMS Master I%%}ca
unit identified in NAS-MD-73® section 3.2.2.1.. The VOR)DME-
MPS ICD shall describe as a mnimumthe follow ng factors for
RMB system performance:

RNB-MPS conmuni cati ons performance;

b. Nor mal cycle processing performance:
c. Al arm processi ng performance;
d. Command processing perfornmance.

Per formance paraneters and alarm thresholds for each of these
factors shall be fully described. Normal, alarm and command
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3-3.4.3.2.4 Per f or mance retuiirementts

RMB process control response time requirenents are as

fol | ows:

Tine (see Action

2 avg, 5 max RMMS control conmand initiation
and execution

2 avg, 10 mmx Al arms/al erts, Return-to-~
Normal, state change detection and
presentation

50 awgy, Performance data collection

240 nax

2 avg, 5 max Request/reply acknow edge

-3.4.4.1 t er shut down n

As required in 3-3.3.1.1(0i), the VOR/DME RMS shal | inpl enent
a Master Shutdown conmand whi ch shall cause the entire
VOGR/DME installation to shut down without delay.

-3.4.4.2 vstem shut down n

In addition, the VOR/DME RMB shal | inplenment Subsystem
Shut down commands for VOR with nonitor, DME with nonitor, and
FCRU. (See 3-3.3.1.1.((1d)

3-3.4.4.3 Master and subsvstem tecoverw conmmands

The VOR/DME RMB shall inplement Startup/Recovery commands for
each subsystemthat can be separately shut down, and for the
entire VOR/DME installation (as distinct from RMBS

Startup/ Recovery required by NAS-MD-73®). (See 3-
3.3.1.1.((iD))

3-3.4.4.4 Endgineeriing units

Al'l data nonitored and displayed shall use standard

engi neering units, requiring no further correction or

mat hemati cal cal cul ation. (3-3.3.1.1.(())

3-3.4.4.5 Arbitrarv paraneter ugrouys

In addition to predefined Logical Units groupi ng paraneter
data points, the VOR/DME RMS shall provide a Logical Unit
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that can provide arbitrary %{oupings of paraneters as
identifiedin 3-3.3.1.4.(@®) herein.

3-3.4.4.6 Large "“pass+ttmpoukii™ nessages

gthVGEVBME ?MB sof tware shall provide blocking and
ebl ocki ng of "ppass-threngght' messages up to 4600 bytes in
| ength in?o Nm8-§%§790 term nal negsageg of no nnrg than 500

bytes per nessage.
3-3.4.4.7 Fail -saf e reduiirefent

The VOR/DME RMB software shall neet the fail-safe
requirements of 3-3.3.1.4(f) and 3-3.5 herein.

83-3.4.4..8 Communi cati ons i nterface reguiremits

The physical |ayer of the VOR/DME-MPS interface shall neet
requi rements of 3-3.3.1.2.h and 8-3.3.1.4.

3-3.4.4.9 Alarm and alert processing

The VOR/DME RMB shal |l generate alert and alarm messages in
accordance W th NAS-MD-790 and requirenents of 3-3.3.1.7%
t hrough 3-8.3.1.7..2 and 1-3.3.19 herein.

Fal se al arm handling shall follow requirements of paragraph
3-3.2.7 herein.

3-3.4.4.10 fouieall units and addressing

G oups of paraneters are nanmed as f'Lhegicall Units™ by the RMS,
as described in 3-3.4.1...22. These are in turn identified
as sub-addresses of the communications address of the RMB in
NAS-MD-730. The VOR/DME system address of 3-3.3.1.7 is the
RMB communi cations address identified in NAS-MD-73{ section
3.2. Al logical unit addressing shall conformto these

requi renents.

The follow ng | ogical units (ttg) are required by NAS-MD-73b
section 3.2.2: RMBS naster LU, RMS term nal (FCPU/BMDI))
communi cations LU, VOR/DME environnmental and site security
LU, and RMB conmmuni cat 1 ons LU.

In addition, the following |logical units shall be provided
for VOR/DME: Master and Subsystem Shut down/ Recovery Lus,
Dat abase Downl oad Request LU, Auto Di agnostics Ly, Auto
Certification LU, RMS8 Security LU, and RM8B O ock LU.

O her VOR/DME Lus shall be desi?nated by the contractor in

t he VOGR/DME - MPS £€D. The follow ng Lts shall be provided
as a mnimm Mster Status LU, VOR Status LU, DME St at us
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3-3.3.2.7 VAR and DME redundant monitor managenent

3-3.3.1.13 FCPU to VOR transmtter, VOR nonitor, DME
transponder, and DME nonitor equi pnent
internal interface docunents

3-3.3.2.2.1 FCPU access to test equipment (driver
sof t war e)

1-3.3.19 Assist the VOR and DME nmonitors in
performng the auto-reset function

3-3.3.2 and Adjustnent, testing and control functions

foll owi ng

1-3.3.13.1 gﬁgrator interface requirenents through the

T

3-3.3.1.11 VOR)/DME security requirenents

3-3.2.4 Pre-fault data col | ection

3-3.2.5 Post-fault data collection

3-3.2.8 Fal se al arm data col |l ection

3-3.2.7 Post alarm data collection

1-3.3.9 Non-vol atile nmenory requirenent

4-3.3.1.3 Access to VBR transmtter paraneters,
status, and controls

5-3.3.3 Access to VOR nonitor paraneters, status,
and controls

5-3.3.8.9 VOR nonitor alarm signals

6-3.4.3.5.2 DME transponder triggering |evel and
desensitization duration settings

6-3.4.3..6 Access to DME transponder information on
traffic |oad

6-3.4.5 Handl e t he DME transponder keyer on VOR

keyer failure
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7-3.4.3.1 DME nonitor alarm actions

3-3.3.2.4 VOR certification

3-3.3.2.5 DME certification

3-3.3.2.3 Test generator functions

3-3.3.2.7.2 G ound check functions

3-3.3.2 8, Envi ronnental parameter nonitoring
3-3.3.2.10

3-3.3.2 9. External systens test

g:gtitgj%lﬁ Communi cati ons protocol driver
3-3.3.3.1 Anal og communi cations circuit managenent
3-3.3.4 Voice identification circuit managenent
3-3.3.4.6 Voi ce output |evel adjustmnent
3-3.3.1.12 Handl i ng of conmunications failure
g:g:g:gzié@, VOR keyer managenent

3-3.4.1.5 Trend anal ysis data collection

3-3.4.6 Fault Diaunesiis software

ctions required to perform

The FCPU software shall contain fun

.3.7. This fault diagnosis
t
i

faul t diagnosis required in b-3 T

sof tware shall be inplemented with a m ni mum of dependence on

other software: in particular, it shall be possible to

gﬁéforn1fault_d|agn03|s during VOR/DME installation wthout
or operational software present. Automatic neans shal

be provided to diagnose the cause of a fault to the LRU

| evel (see paragraph 1-3.1.200). The resulting data shall be

stored in menory at the facility and shall be accessible via

the FCPU for recall upon demand by the RMS, for use as the

Auto Diagnostic Logical Unit data. The diagnostic software

shal | be autonmatically initiated by the RMS when an al arm or

an alert occurs except when the condition is the result of an

environmental sensor paraneter of paragraph 3-3.3.2.10.1

t hrough 3-3.3.2.10.%5 herein. Additional nmnually initiated

di agnostics shall be available fromthe PMDT interface to

offer more detailed information on the subsystem status to

aid the maintenance process. The results of the autonmatic
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di agnostics test shall be stored in nenory at the FEPU until
reset at the PMDT interface or fromthe RMS.

3-3.4.7 Installation and checkout software

Installation and checkout software shall inplenent or support
test and control sequencing for stand-alone installation and
systemintegration (under |local PMDT control using utility
software descri bed bel ow) and operational master and
subsystem startup/recovery, automatic certification, and
demand certification (under RMB control).

3-3.4.8 ttihitv software
3-3.4.8.1 FEPU utility software

In addition to the above software, the contractor shal
provi de whatever non-operational FEPU software is necessary
to support integration testing, installation, and stand-al one
mai nt enance, for exanple, software to provide printed reports
of stored data described in 3-3.3.1.12.

3-3.4.8.2 PMDT utillity software

In addition to the above FEPU software, the contractor shal
provi de what ever PMDT software, as described in 3-3.3.L3, is
necessary to support integration testing, installation, and
st and- al one nai ntenance -- for exanple, asynchronous term nal
enul ation software. Any graphic representation of measured
Baraneters required to inprove testing and calibration shal

e made available fromthe menu of commands described in that
section. The docunentation of PMDT software devel oped by the
contractor, which is required by DGD-STD-2h677, may be
included with that of an FEPU €SAI.

(This procurenent shall not include the software used with

t he PMDT of section 8-3.2.16 during normal maintenance

operations: this is the MDT/MPS interface and display

software provided by FAA to the nmaintenance technician for

normal nai ntenance operations. |ts protocols and dispIaK

;gégats are conpatible with the INES systemrunning in the
)

3-3.5 FCPU fail-safe reuuirenents.— The FCPU specified
herein shall be fail-safe in that conponent failures (one at

a time) or an open or short condition of any renote nonitor
or control line connected to the FCPU shall not prevent the
VGR or DME nonitor fromcontrolling the shutdown function of
the VOR transmtter or DME transponder respectively in the
event of a hard alarm

3-3.6 Reliabiiliity.~ (See paragraph L-3.4 of Part 1.)
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operations: this is the MDT/MPS interface and display

software provided by FAA to the nmaintenance technician for

normal nai ntenance operations. |ts protocols and dispIaK

;gégats are conpatible with the INES systemrunning in the
)

3-3.5 FCPU fail-safe reuuirenents.— The FCPU specified
herein shall be fail-safe in that conponent failures (one at

a time) or an open or short condition of any renote nonitor
or control line connected to the FCPU shall not prevent the
VGR or DME nonitor fromcontrolling the shutdown function of
the VOR transmtter or DME transponder respectively in the
event of a hard alarm

3-3.6 Reliabiiliity.~ (See paragraph L-3.4 of Part 1.)
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DEPARTMENT OF TRANSPORTATI ON
FEDRRAL AVI ATI ON ADMIINIISTRATIION

VOR)/DME EQUI PNVENT
PART 4 - YOGR TRANSM TTER EQUI PMENT

4-h SCOPE - VOR TRANSM TTER EQUIr BMENT

4-1.1 Stove of Part 4.- This Part 4 is one of a group of
speci fication docunents under the basic heading

Equi pomerit” , each of which carries the basic nunber FAA-E-2G7%
together wwth an alpha revision letter and a slant line and
number corresponding to the Part nunber. This Part 4 of the
equi pment specified herein consists of the necessary
circuitry for generating the navigation signals of a VHF

onmiitramge (VOR) station.

4-1.2 Limtations of Part 4.- This Part 4 does not
conpletely define the requirements for physical and
electrical interface with other equipnent elenments covered
under the other Parts of the specification, these being the
responsibility of the contractor. Additionally, certain
requirenents are defined only through reference to other
parts of the specification.

4-2 APPLI CABLE DOCUMENTS.- (See paragraph -2 of Part 1.)
4-3 REOUIRENENTS
4-3.1 Eouipmesit to be furni shed bv the eontkaetekr.— Each

VOR transmtter furnished by the contractor shall be conplete
in accordance with all specification requirenents.

4-3.2 Definitions.—

4-3.2.1_ Goniiometer.— The term togoniomieett” refers to that
unit which Produces two RF pure doubl e sidebands which are 30

Hz renoved fromthe VOR carrier frequency. The tw 30 Hz
conponents are in audi o phase quadrature. Additionally, the
goniiofietet produces a 996G Hz FM subcarrier signal for
anpl i tude nodul ating the VOR carrier frequency.

4-3.2.2 Carrier pewet.— The term"carrier peweett is defined
as the unnodul ated RF power supplied at the transmtter RF
out put jack during normal operation.
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4-3.2.3 Stray radiatiiem.—~ The term "stray radiation" is

defined as em ssion or |eakage of the fundanental frequency
signals fromthe equipnment at points other than fromthe
normal equi prent out put(s).

4-3.2.4 Souriiowss tradiatiieh.~ The termt ygurious radiation”
I's defined as em ssion on a frequency or frequencies other
than that of the desired signal(s) and the |evel of which may
be reduced wi thout affecting the corresponding transm ssion
of information. Spurious radiation includes harnonic

em ssions, parasitic emssion, hum noise, and

i ntermodul ation products.

4-3.2.5 Carrier transmtter freguemew.— For purposes of
this specification the VOR carrier frequency is defined as
the VAR channel frequencies shown in Table 1 of Part 1.

4-3.2.6 Mean freuauemew.— For purposes of this
specification, the term "mean frequency" is defined as the
nunber of positive going zero crossings per second, intended
specifically for application to frequency nodul ated signals

specified herein after

4-3.3 Ceneral functional teguiiteseits.-~ This equi pnment is
to be used at conventional and Doppler VOR facilities.
Interface requirements exist for electrical inputs and
outputs.  Major performance paraneters are response tine,
output signal spectrum stability of output signal frequency,
| evel and audi o phase.

4-3.3.1 VOR transniitter.- The VOR transmitter shall consi st
of the follow ng major blocks of circuitry, each designed to

performthose functions hereafter specified:

(8) RF source to produce the carrier frequency (as defined
in 4-3.2.5).

(b) RF power amplifiers to produce the regpieed power
out put (4-3.2.3.1) with anplitude nodul ation |evels
herein specified (4-3.3.3.771)) of these audi o signals:
9960 Hz FM subcarrier, voice signals 300 through 3000
Hga %gﬁgtification characters which are keyed 1020 Hz,
an .

(eh Automatic level control circuitry shall be contained
within the RF transmtter to produce the specified
stability (4-3.3.3.1.0).

(d) Automatic phase stability and correction circuitry
shal | be provided to maintain any Preset phase
adj ustnent of the 36 Hz signal applied to anplitude
modul ate the carrier.
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4.3.3.3.1..2 Stabilization of performance eharaeteriistiies..—
See Paragraph 1-3.3.18 of Part 1. The equi pment contractor
shal | establish performance requirements for the transmtter
(as well as for other individual units of the systenm as
reguérﬁg to meet the overall requirenent= af paragraph
1-3.3.138.

~4-3.3.3.2 Outwuit sitnall speettwii.— Spurious radiation

conponents within the specified frequency bands on both sides
'of the carrier signal frequency shall not exceed the |evels
tabulated in the tfollow ng paragraphs for the nodul ation type
and levels indicated. Except as noted below, all harnonics
and spurious radiation greater than 83 kHz renoved fromthe
.assigned frequency shall not exceed 56 microwatts.

4-3.3.3..3 Amphiitde nodul ation with 9860 Hz FM subeattiiesr .~

The transmtter shall be capable of being anplitude nodul at ed
by the 9960 Hz FM subcarrier to a depth of 30 percent +h
ercent. Wth this nmodulation level, the levels of the
arnoni cs of the 9960 Hz shall not exceed the val ues

I ndi cat ed:
Preguencw Level Bel ow Reference
9960 Hz (reference) 0 dB
15 KHz t hrough 18 KHz 15 dB
18 KHz t hrough 27 KHz 32 dB
27 KHz through 37 KHz 52 dB
Beyond 37 KHz 62 dB

4-3.3.3.4 Anmplitude nodul ation with 80 Hz. - The transmtter
shal | be capable of being anplitude nodul ated by a 30 Hz
signal to a depth of 30 +i1 percent. Wth this nodul ation

| evel, the levels of the harnonics of the 86 Hz shall not
exceed the values indicated:

Freauenew Band Level Bel ow Reference
30 Hz (reference) 0 dB
60 Hz 32 dB
90 Hz 50 dB
120 Hz 60 dB
Beyond 120 Hz 60 dB
4-3.3.3.5 RF otitput- eiitrewitt.~ The RF output shall be

Qeliveredt to the rear of the transmtter via RG-214//U coaxi al
cable and termnated in an RNt type connector suitable for
mating wth a 6-1185/U connector. The carrier output
circurtry shall be designed to provide the specified
performance when feeding an RG-214//U coaxial cable having any
val ues of VSWR in the range of 1.0 through 1.5. The carrier
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output shall not be required to operate wthin specification
limts for greater values of VSWR, however, no parts of the
transmtter shall be damaged as the result of any degree of
m smatch, including open and short, at any point on the
output transmssion line. Adequate protection shall be
incorporated into push-pull amplifiers (if used) and

mul tiple (parallel) anplifiers (if used) to prevent |oss of
both (or nore) active devices in the event o failure(s? in
any other active device(s). This requirenent shall apply to
those circuits where automatic |evel control (AL@) operation
could drive circuit elements beyond their ratings.

4-3.3.3..6 Power outwuit neasutenent.— Directional couplers
and detectors shall be incorporated at the carrier output for
measurenent of forward and reverse power and VSWR by the
FCPU, Part 3. Calcul ated value of VSWR shall be rounded to
t he hundredth.

4-3.3.3.6.1 Power outwut calibration.- An internal
calibration reference shall be provided to calibrate the
power measuring circuitry (4-3.3.3.6)to within & percent.
The reference shall be accessible remotely by the FCRU.

4-3.3.3.7 Mbdullation.-~ The transmtter shall include the
necessary nodulation circuitry to produce anplitude
nmodul ation at the specified |evels.

4-3.3.3.7.1 Anpbitude nbdubatien.-— The transmtter shall be
capabl e of anplitude nodulation to a depth of 80 percent.

4-3.3.3.7.1..1 Anphitude nopdul ation | evel and stabilliittw .-
The followi ng anplitude nodul ation levels for the radiated
signal shall be established and maintained wthin #1 percent
over the range of service conditions:

Convent i onal Dovpll et
(a) 9960 FM subcarrier 30% 0%
b) Voi ce peak 300-3000 Hz 30% 30%
e) 30 Hz AM si gnal 0% 30%
d) 1620 Hz identification 5% 5%
4-3.3.3.7..2 Phase stabilitity for 80 Hz.- The transmtter
shal | incorporate phase |ock |oops (PLL) to autonatically

maintain the stabilitY of the 30 Hz anplitude nodul at ed
signal. The phase relation of the 30 Hz audio input and the
30 Hz recovered fromthe RF anplitude nodul ated output shal
be automatically maintained within +0.1 degree.

- ' fr n ifjity .~ (See
par agr aphs 1-3.3.14 and 1-3.3.14.1%..
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4-3.3.3.8.1 RF tuning adjjustments.- It shall be possible to
tune and adjust the transmtter to neet all performance

requi rements of this specification on any of the 200 VOR
channel s utilizing only the integral test equipnent, or the
integral test equiprment and the test equi pment specified in
par agraph £-3.5.4

4-3.3.3.9 Tuniihw and adijustmenit .- All tuning adjustnents
and verifications of ﬁroper operating |levels of the equipment
shal | be accessible through the FEPu. Wth the appropriate
frequency channel selected, it shall be possible to tune al
RF circuits and adjust all required DC, audio, and RF
operating levels through voltage and/or current indications
on tqp I ndicators provided via the FEPU to equi prent
interface.

4-3.3.3.9.1 Effect ' ' ing.- RF circuit
conponents shall not be damaged as the result of deliberate
or 1 nadvertent mal adjustment of tuning and |evel controls
over their full range of adjustnent. Wth any unit, assenbly
or subassenmbly in its fully accessible state 31—3ﬂ34159)
there shall be negligible effect on RF and audi o tuning and

| evel s.
4-3.3.3.10 Carrier reference sanple outmuts.— Each

equi pnent shall provide four (4)) sanple outputs_of the
carrier output for use in external equipnent. Three (3)) of
these outputs shall be termnated in TNE chassis connectors.
The level of the three (3 outputs shall be at |east 50
mlliwatts into 56 ohns but not greater than 400 millliiwit' s
for any carrier power output |level specified in 4-3.3.3.01.0.
The fourth output sanple shall be termnated in a BNC chassis
connector for use with external test equipnent (not required
to be furnished under this specification). This output shal
have a |level of not less than 206 mlliwatts into 50 ohm | oad.
Al'l coupled sanple outPuts shal | have negligible effect on
transmtter system performance and tuning whether these
outputs are termnated in 56 ohmload or |eft un%emrmimeste.

4-3.3.3.10.0 Unmndul ated carrier reference sanple outwut.~
Each equi pnent shal | Frovide an outgut of unnmodul ated carrier
RF for use in external equipment. he level of the output to
a rear nounted TNE connector shall be at least 40 mlliwatts
into 50 ohns but not greater than 160 mlliwatts for anx
carrier power output l'evel specified. This RF output shal
have negligible effect on transmtter performance and tuning
whet her termnated in 506 ohns or left unterm nated.

4-3.3.3.11 ldentification pscililiator/keyer.~ The

i dentification audio signal generator shall provide a
sinusoi dal 10620 Hz output signal for keyed or continuous tone
to anplitude nodul ate the carrier output signal. Interface
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requirenents shall exist for keying of the DME in accordance

wi th paragraph 4-3.3.3.%h 4 2. Keying may be |ocated within
circurtry other than the VOGR transmtter

4-3.3.3.10.1 1620 Hz freouemew stabiilliitty.~ The stabjlity of
L0206 Hz frequency shall be wthin +0.5 percent over the range

of service conditions.

4-3.8.3.10..2 Harnonic distortion.- The total harmonic
distortion of the 1620 Hz audi o signal (continuous tone
out put) shall not exceed 3.0 percent.

4-3.3.3.10.3 Outpuit | evel and stabiliittw.~ The o
osciiliater//keyet shalT provide adjustable | evels sufficient
to anplitude nodul ate the carrier output 8 percent with a
stability which shall maintain the percentage of anplitude of
the carrier output to within ki percent over the range of

service conditions.

4-3.3.3.00 .4 Kevetr.— The keyetr shal| operate to key the
1620 Hz audio signal into the dot-dash characters of

I nternational Mrse Code representing any three- or
four-letter combination of the al phabet. The characters
shal | be readily programable through the FERU. The keyer
shal | be of solid state sem conductor digital design. \otor
drlgen devices to create the keying inpulses shall not be
used.

4-3.3.3.10..4.1 ldentification code eharaeteriisties.~ The
identification code characteristics shall conformto the

fol | ow ng:

(a) The dots shall be of duration between 160 m|iseconds
and 125 m|liseconds. The dashes shall be of a
duration three times that of the dots.

(b) The spacing between the dots and dashes of a code
letter shall be equal to the duration of one dot
wi thin +5 percent.

(e) The spacing between consecutive letters of the three-
or four-letter identification code grpug_shall be
equal to the duration of three dots within +5 percent.

(d) The repetition rate for the three-or four-letter
identification code group shall be eight times per
mnute (once in each 75-det |length interval), except
as noted under paragraph 4-3.3.3.10h.4 22,

4-3.3.3.00 .4 2 Synehreniizatiion for associ ated eouiiwmesit .~
The keyetr shall be programmed to operate in association wth
DME equi prent such that every fourth identification cycle
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4-3.3.3.12.3 Anplifier waih.— The overall gain of the voice
frequency anplifier (including regulator circuit and anY_
fixed gain circuits) shall be sufficient to provide anplitude
nmodul ation of the 156 watts of carrier power output
(4-3.3.3.1) (30 +h percent). This requirenent shall be net
with an input signal of 660 Hz at a |evel of -26 dBm applied
to the input specified in Part 3.

4-3.3.4 Gonioneter outwuit characteristics.- The goniofetet
shal T produce the folTow ng outputs:

(a) Two RF doubl e sideband outputs which shall be 30
Hz removed from (30 Hz above and bel ow) the
carrier reference i nput 4-3.3.4.2.

(b) 9960 Hz FM subcarrier signal to anplitude
nodul ate the carrier output 4-3.3.3.%.

The RF doubl e sideband outputs contain 30 Hz conmponents which
are at audi o phase quadrature (90 degrees). These RF double
si debands are combined in the VOR antenna system (not
required to be furnished under this specification) in a
manner such that a 30 Hz anplitude nodulated carrier signal

I s produced (nom nal anplitude nodul ation is 36 percent).

The overall accuracy of the VOR systemis dependent on the
foLIomnng paraneters of the RF sidebands and the 9960 Hz FM
subcarrier

(a) Equality of power outputs (S.B. #1 = SOB. #2)..
(b)) Audi o phase stability.

(¢)) Quadrature phase relationship of 30 Hz conponents of
RF outputs, accuracy and stability.

(d) Audio signal distortion.

(e) Audi o phase accuracy and stability of the 30 Hz
conponents of RF outguts with respect to 30 Hz
component of the 98606 Hz FM subcarrier generator.

(£)) RF phase stability.

4-3.3.4.1 Master deneratetr.— To provide azinuth bearing

wi th accuracy and stability, the bearing information
generators (30 Hz reference and 30 Hz variable) have
prescribed limts within which signal parameters shall

remain. The gonionetetr shall| contain a master oscillator
which shall operate at a basic frequency which is a nultiple
of 30 Hz. Crystal ovens are not pernmitted. Through digital
techni ques, the basic frequency shall be divided to derive
the 30 Hz signals used in each of the follow ng:
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(a) 9960 Hz FM subcarrier (4-3.3.44) as a frequency
modul ating signal

(b)) Goniometter si deband (4-3.3.4.3) to produce 30 Hz
si debands with suppressed carrier.

4-3.3.4.1..1 Master oseciilliator.~ At the option of the

equi pnent contractor, the reference oscillator nay be either
of the tunable frequency or fixed frequency type. The
tunable_fre%yency oscillator shall be capable of adjustnent
to within k0.00% percent of its design center value and shal
have a stability of +0.01 percent over the range of service
conditions. If the contractor elects to provide a

non-adj ustable oscillator, the precision and stability shal
be such as to provide an output frequency which is within
+0.00% percent of the design center value over the range of

service conditions.

4-3.3.4..2 Carrier reference.- A carrier output signal
sanpl e shall be used as a reference to which the RF phase O
the two doubl e sideband outputs is naintained to within +3
de?rees over the range of service conditions. The carrier
reference input to the goniometetr shall be obtained from one
of the sanple outputs specified under 4-3.3.3.1®@. A suitable
anmplitude nodul ation elimnator shall be incorporated into

t he gonioneter desi gn.

.3.4.3 RF output siionall eharacteriistiies.- The gonioneter
shal | provide two RF doubl e sideband outputs in audio ph3ss
quadrature which shall be bal anced upper and |ower sidtbands
30 Hz renoved fromthe carrier reference input (4-3.3.4.2),
withim the limts of the following subparagraphs. The 30 Hz
signal used as the nodulation signal is derived fromthe

master generator (4-3.3.4.1). | requirements specified in
subpar agraphs hereafter shall aﬁplr over the range of service
conditions. These RF outputs shall be termnated in coaxia
chassi s connectors suitable for mating with t6-1185//U
connect ors.

4-3.3.4.3.1 Carrier fretuemncy Suppressiem.— The carrier

frequency component present at each goniomneter RF out put
shal | not exceed a |evel which is 30 dB bel ow the power |evel
of the sideband conponent present at that sanme out put.

4-3.3.4.3.2 Si deband siignalls Power outwuts.- FEach equi prent
shal | be capable of providing a m ninum of 0.25 through 6
watts power output continuously adjustable to each of the two
si deband outputs sinultaneously with each termnated in 50
ohmresistive loads at the end of a 50-feett | ength of
RG-214//U coaxial transmission line. Power output shall be
measured at the |oad.
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+3 degrees and 180 +3 degrees, referenced to the carrier
reference i nput 4-3.3.4.2.

4-3.3.4.3.8 Deviation fromthe avetadge naxi num envell
ampllitude .~ For one conplete period of the 836 Hz nodul ation
signal, any individual maxi num envel ope anplitude, at both
the outputs, shall not deviate by nore Lham 6.5 percent from
the average of all such maxinuns (averaged over a period of
at least tive conplete cycles of 30 Hz).

4-3.3.4.3.9 Outwuit circuit lpoading.~ The goniemeter out put
circuitry shall be designed to provide the specified
performance when feeding a RG-214//U coaxi al cable having any
value of VSWR in the range of 1.0 to 2.@. The goniiomeiter
out put shall not be required to operate within specification
limts for greater values of VSWR, however, no part(s) of the
goniomelterr shal |l be damaged as the result of any degree of

m smatch, including open and short, at any point on the
output transmssion line(s). The two RF outputs specified
shall be termnated at the rear of the equipment in an "me
type connector suitable for mating with a tG-185//U connect or.

4-3.3.4..3.10 Power outmuft dukifig war m uw.— The warm up
requi rements shall be the same as those specified in
4-3.3.3...2for the VOR transm tter.

4-3.3.4.3.1h Power outwutt fneasutr@imiit.~ Directional
coupl ers and detectors shall be incorporated at each sideband
out put for measurement of forward and reverse power and VSWR

by the FCRU, see Part 3.
4-3.3.4.4 9960 Hz FM subcarrier ueneratot.- The 9960 Hz FM

subcarrier generator provides the Pifeferenteld” 30 Hz si gnal

for the conventional VOR system This 30 Hz reference is
contai ned as frequency nodul ation of the 9960 Hz signal. The
follow ng parameter tolerances shall apply to the 9960 Hz FM
subcarrier. Al requirenments shall be met over the range of
service conditions.

4-3.3.4.4.1 Mean frequemew stabiillitw.— The nean frequency
(see 4-3.2.%) of the 9960 Hz FM subcarrier signal shall be

9960 Hz +0.h percent.

4-3.3.4.4..2 Ph ntrol stabilliitw .~ A phase shifter
control shall be provided in the 30 Hz signal circuitry of
the 9960 Hz FM subcarrier generator. This control shall
provide a range of 0.00 to 359.99 degrees of phase shift to
the 30 Hz signal. The phase shift shall be in_increments of
0.01 degree or less (continuously variable). The phase
stability of the 36 Hz conponent shall remain constant within
+0.h degree (referenced to the 30 Hz zero crossover(s) of the
RF sideband(s)).
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The 9980 Hz gener at or

shal | be frequemeyy nodul ated by the 36 Hz audi o signal.

4-3.3.4.4.4 Freguenev deviation.- The 30 Hz signal

shal |

cause the 9960 Hz generator to deviate by +480 Hz (deviation

rati o of 18)).

This deviation shall be constant wthin #15

Hz. Means shall be provided whereby the deviation ratio may

be adj usted to 16 +0.%.

4-3.3.4.4.5 Level and stabiiliitty.—

the requirenments of

of the 9960 Hz shall fulfil
4-3.3.3.7..p 0.

4-3.3.4.4.6 Anplitude npduliation.-

The level and stability
subpar agr aph

| itude nmodul ation of

the 9960 Hz signal shall not exceed a value of 2.0 percent.

4-3.3.5 External inwut.-

Provi sion shall be made for use of

an externally generated 30 Hz audio signal input for use in
anplitude nodulation of the RF carrier (for Doppler VOR).
The 36 Hz external signal source (see paragraph 8-3.3.3.8)
has the follow ng characteristics:

Anpl i tude

Amplitude stability

Har moni ¢ distortion (total)
Frequency

Phase stability

4-3.4 Strav radiation.-

Level required to nodul ate
the carrier at any |evel
bet ween 25 and 35 percent

21..0 percent _
(for any initial adjustnent).
2.0 percent nmaxi mum

30 Hz +@.h percent.

+0.2 el ectrical degrees of 30
Hz (with reference to the
zero ecross-overs of the audio
signal).

Wth the equi pnent operating at

maxi mumtransmtter output (gonionetetr al So at maxi mum

out put),

of 14 mcrowatts effective radiated power.

stray radiation (4-3.2.3) shall not exceed a | evel

Thi s requi renent

shall be met with the equipnment in or out of its enclosure.

4-3.5 Reliiabiillity.—
4-4 ALITTY =

4-5 PREPARATI ON FOR DELIVERY.-

1.)

(See paragraph 1-3.4 of Part 1.))
(See paragraph t-4 of Part 1.)

(See paragraph b-% of Part
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when interconnected with other equipment units conprising a
set of ground station equipnent.

5-3.2 Defiinitions.-

5-3.2.1 Monitor edguiwmetit.~ The termthmmnitor equi pnent”
denotes a group of integral functioning equipnment units
consisting of the nonitor antenna(s) and nonitor

I nt er connect ed b%/ means of interconnecting cables and
extension masts for ground checking of the VAR facility.

5-3.2.2 Monitor antedma.~ The term tmnitor antenma
denotes an outdoor pickup antenna unit and fiberglass
environnmental enclosure which is placed in the RF field of
the VOGR antenna. The output of the monitor antenna is fed to
thgl i nput of the monitor through interconnecting coaxial

cabl e.

5-3.2.3 FM subcarrier siunall.— The FM subcarrier is 9960 Hz
signal, frequency nodul ated at the deviation ratio of 16.

Thr's Isi gnal is used to anplitude nmodul ate the VGR carrier
si gnal .

5-3.2.4 30 Hz FM siionall.— The term 30 Hz FM signall™
denotes the 30 Hz obtained by discrimnation (or equivalent)

of the FM subcarrier signal.

5-3.2.5 30 H7 AM siiunall..— The term “30 Hz AM siighal™
denotes the 30 Hz component in the anplitude-denodul ated
output of the VOR carrier signal.

5-3.2.6 Aural siunall.— The term fhawad signall™ denotes the
300 - 3000 Hz AM conponents in the denodul ated output of the
VOR carrier signal. These consist of voice and
identification transm ssions of the VOR.

5-3.2.7 30 Hz FM channeli.- The 30 Hz FM channel conprises
the circuits in the nonitor which process the FM subcarrier
S|gnal to obtain a 30 Hz signal fromthe 9960 Hz FM
subcarrier.

5-3.2.8 30 Hz AM channell..- The 30 Hz AM channel conprises
the circuits in the nonitor which process the 30 Hz AM

signal .

5-3.2.9 Aural channeli.~ The aural channel conprises the
C.IrCl.lll'[S in the nonitor which anplify and process the aural
si gnal s.

jitt .~ The azinmuth

phaéel.det ection circuit which conpares the phase relation of
the signals from380 Hz FM channel and the 30 Hz AM channel .
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This phase difference corresponds with the azinuth position
of the nonitor antenna about the VOR station, referenced to
magnetic north.

5-3.2.11 Test sianall eiitreuwiitt.~ The test signal circuit is
the circuit which provides neans for irifoosucitiiom of a
sinul ated VOGR conposite signal into the monitor

5-3.2.12 Strav tadiatiiem.- The term "stray radiation” is
defined as the em ssion or |eakage of the fundanental
frequency signal (s) fromthe equipnment at points other than
from the nornmal equi pnent output(s).

5-3.2.13 Spuriiouss radi ati on.- The term tspgurious radiatiiom®
is defined as em ssion on any frequency or frequencies other
than that of the desired signal. Spurious radiation includes

harnoni ¢ em ssions, parasitic enssions, hum noise, and
i ntermodul ation products.

5-3.2.14 G ound eheek.- The term'gground check" is defined
as the neasurenment of the ennicowrse error at several
azinmuths with respect to a calibrated source.

5-3.2.15 Reference areound check. - "Reference ground chesgkt
Is defined as the average of three eensective ground checks
conpleted i mmedi ately follow ng coniissieringy, recertification
or special flight inspection and is used to establish the
standard to which subsequent VOR ground check phase error
readi ngs are conpared.

5-3.3 CGeneral functional reduiirementss-~ The nonitor shal
continuously nonitor the parameters of the radiated VOR
signal and 1ndependently determne if an alarm condition
exists. If the monitor is not bypassed (paragraph L-
3.1.1@.9) and an alarmcondition exists, the nonitor shal
cause the VGR to shutdown. The nonitor shall report all
paraneters, tolerances, and nonitor status in accordance wth

system requirements.

5-3.3.1 Service eoenditions.-~ The service conditions shal
be those specified in paragraph 1-3.3.0%.

5-3.3.2 Power seoukee.— The equipnent shall operate fromthe
BCPS specified in Part 2.

5-3.3.3 Faciilliitw_central wrocessing unit (F r f -
Al paraneters, status of nmonitor, and controls specified
herein shall be made accessible on a central buss for
renotimgy Wi th the FEPU as specified in Part 3.

5-3.3.4 30 H7 AM and 36_Hz FMtest voiint isofiation.~ The 30
Hz AM and 30 Hz FM test points shall be isolated fromtheir

Page 126



August 7, 1689 FAA-E-2678%1 5

respective circuits to the extent that |oading each test
point with a 1 megehm resistance will not introduce a phase
shift greater than 0.1 degree, nor change the val ue of

modul ation of the 30 Hz AM by nore than 0.2 percent of

modul ation, nor change the val ue of 9960 Hz frequency
deviation by nore than 0.2 Hz.

5-3.3.5 fnput sighalls.— ExcePt as otherw se specified, the
moni tor equi pnent shall neet all performance requirenments
with the monitor antenna operated in a radio frequency signal
field having characteristics and nodul ati on conponents
specified in the tabul ation bel ow.

Input Siunalls t 0 Ant enna
RF carrier frequency - 168 to 118 Mz

RF field intensity - 6.3 to 3 volts/meter
Pol ari zat1 on - hori zont al

Sianall Carri er Conponent Frequencv (iiiz] Per cent
30 Hz AM o _ 30 2 1% 20 to 40
Station ldentification 1020 + 50 4 to 15
Voi ce 300 - 3600 15 to 40
FM subcarri er 9960 & 480 + i% 20 to 40
¥30 Hz FM 30 + 1%

* Derived fromthe FM subcarrier signal conponents wthin
the nonitor by discrimnation (or equivalent).

5-3.3.5.1 Test siiunalls.- |In ground check operation
éﬁ-ﬁnaiﬁ) the test signal is the FM subcarrier signal
5-3.2.3) obtained directly from output of the operating
goniomeitesyr. The test signal (5-3.2.hh)) consists of the
conposite 9960 Hz AM signal for periodic calibration
verification, and is provided by the FEPU test generator.

5-3.3.6_Ground check svsttem. - The contractor shall provide
a 16 point automatic ground check system

5-3.3.6.1 G ound cheek.— By utilizing the input signals
fromthe ground check monitor antennas, the VOR nonitor
azimuth nmeasuring circuits and the test signals (5-3.3.%.1),
it shall be possible to nmeasure the azinuth error of the
radiated signal to the nearest 0.1 degree. It shall be
possible to initiate the automatic ground check routine and
to display the results thereof fromthe PMDT or the MBS.

5-3.3.6..2 G ound check results. - The FEPU shall provide the
capability for manual storage of the reference ground check

phase error readings (5-3.2.1%) in non-volatile nemory and to
perform the cal culations and display the al gebraic difference
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between the reference ground check phase error readings and
subsequent routine ground check phase error readings.

5-3.3.6.2.1 G ound check alarmcondition. - If the ground
check phase error calculations (5-3.3..6.2)) indicate a
difference in excess of 1.0 degree at any =zkdimuth point, the
monitor shall initiate VOR shutdown action in accordance with
par agraph 5-3..3.

5-3.3.7 Monitor antemma.— The antennas shall include all
conponents necessary to receive the radiated VOGR signal, and
shal | be assenbled so as to enabl e proper positioninﬂ of the
conponents in the radiated field and protection of the
conmponents fromthe el ements of nature. The nonitor antenna
system shal |l not derogate system performance.

5-3.3.7.1 Broadband echaractetiistiies.— The nonitor antennas
shal | have broadband characteristics such that the

performance requirements of this specification are met over
t he spec]f|ed_frequenc% range wthout requiring readjustnent
of the dinensions of the antenna el ements.

5-3.3.7..2 Phase ballame®.— The nonitor antenna output shall
be bal anced with respect to RF phase in such a manner that
the indications of the phase difference between the 30 Hz
conponents of the input signal will not differ by nore than
0.1 degree when the nonitor antenna is situated in the two
positions where the d|?ole antenna extends along a |ine which
I's perpendicular to a |ine between the nmonitor antenna and
the radiating VOR antenna (one position |ocated 180 degrees
of di pole antenna rotation about its vertical axis fromthe
other position). The nonitor antenna system shall be
designed to have inpedance matching characteristics.

5-3.3.7..3 Polatiizattiizn-— The antenna shall be horizontally
polarized. Vertical polarized radiation shall be at |east 12
dB bel ow horizontal polarized signals.

5-3.3.7..4 Dipolle antamma.— The dipole antenna shall consi st
of two elements of mninmumlength constructed of Monell netal
or stainless steel. The elements shall have a snooth
unpainted finish. |f the antenna el ements are adjustable,
then they shall be adjustable by utilizing a fixed segnent O
L2 inch diameter (n1n|nuq) and a colliett segnment that slides
over the fixed segnent. he fixed segnents shall _be
assenbl ed directly to the sides of the housing. The free end
of each colliett segnment may be cl osed b% an end-| oadi ng disc
of 3 inches maxinmum diameter. There shall be positive

| ocki ng of the ecolllett segnent onto the fixed segment w thout
disturbing the selected setting.
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5-3.3.7.% Antenna nmst.— The antenna masts shall be
constructed to extend 48 to 50 inches bel ow the antenna. The
| ower 3-ineh portion of the mast shall have an outside

di aneter of 1.315 inches, and this portion shall be provided
with standard |-inch tapered pipe thread. A standard |-inch
I.B.S. threaded netallic pipe coupling, b-3/4 inches |ong,
shal | be provided on the | ower end of the mast. The pipe
coupling shall be fabricated fromstainless steel or a

metal lic nonferrous material (alumnum alloy not acceptable)
such that it can be repeatedly attached to and detached from
t he mast b% hand. This shall be possible wthout the need to
apply a lubricant between coupling and mast surfaces.

5-3.3.7.5.1 Mast surfaee.— The mast surface shall be

t horoughly cl eaned and given an anedie or simlar treatnent
to obtain a dense adherent coating of alum num oxide, and
then shall be given at |east two coats of insignia white
enanel, baked on, color 17875 in accordance w th Federa

St andard 595.. _
5-3.3.7.5.2 Mast cable shoet.- The nast shall be provided
with a slot located 35 to 40 inches bel ow the antenna. The
slot shall be of sufficient size to permt passage of the
coaxi al cable with termnating plug attached.

5-3.3.7..5.3 Cable champ.~ Suitable neans shall be provided
for clamping the cable within the nonitor antenna housing or
mast to prevent damage due to strain.

5-3.3.7..6 Protective enchosure.- A plastic enclosure
fabricated fromfiberglass reinforced material shall be
provided to prevent birds, insects, ice, snow, and rain from
conln% in contact with the antenna el ements. Requirenents
for the plastic enclosure shall be in accordance with the
foll ow ng paragraphs of Specification FAA-E-10&® and
supFIenent No. 1: 8.1 through 8.2.7.. The plastic enclosure
shal | have a cross-section shaped in the formof an inverted
Uwth the curved portion_havinP a 180 degree radius not |ess
than 6 inches. The plastic enclosure shall be closed at the
ends and shall have a bottom which is easily renovable. The
plastic enclosure shall be assenbled and fastened to the nast
In such a manner that the required protection is afforded the
antenna elements. No part of the plastic enclosure surface
shal | make contact with the antenna el enents, and to protect
aﬂalnst detuniimgg whi ch may be caused by birds alighting on
the plastic enclosure, the spacing between antenna el ements
and plastic enclosure shall be at least 4 inches. The
plastic enclosure shall be designed for easy disassembly to
provi de access to the antenna elements for maintenance and
repairs. A vertical portion of the enclosure shall begin a
m ni num of 1 inch above the elenents. The enclosure shall be
?Pnnected to the ¥ shaped section by nmeans of a vertical
ange.
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5-3.3.7.6.1 Environnental test methed.- The nonitor antenna
shal | be tested in accordance wth Method 566..1,, "Raihi", of

MIE~STD-&h(y, Procedure 1.

5-3.3.7.7 Namewlafte.— A pamepl ate shal |l be provided and
mounted on the outside surface of the nonitor antenna nast.
The nanepl ate shall contain all the information required in
FAA-G~210®, but the size shall be reduced proportionately to
satisfactorily fit the mast.

5-3.3.7.7..4h Eguiivwmesit tithe.— The equi pment title for the
nanepl ate shall be: WVOGR MONI TOR ANTENNA

5-3.3.7.8 Monitor antenna extension fmst.— The nonitor
antenna extension mast shall consist of two sections of
standard | -inch £.B.8. al um num pi pe, each 48 to 50 i nches
long, and a standard |-inch f£.B.S. threaded metallic pipe
coupling 1 3/4 inches long. One extension section shall be
thrgade only at one end. Standard tapered threads shall be
used.

5-3.3.7.%9 Monitor antenna/nonitor intereconneeting cablles.-
The nonitor antenna output shall be connected to the nonitor
by nmeans of an odd nunber multiple of quarter-wavel ength
RG-223//U coaxial cable fitted wth TNE type connectors.
System performance requirenents of the nonitor equipnment
specified herein shall be met with an interconnecting cable
of up to 45 feet in length between the nonitor antenna and
nonitor switch, and 4060 feet between the nonitor antenna
switch and the monitor

5-3.3.8 Mbniitteix.~ The nonitor shall be a unit containing
the necessary circuits:

() to accept the RF signal fromthe antenna swtch and
simul ated VOR signals

(b) to differentiate between the various applied signals

(e to provide for the application of the audio signals to
ot her external equipnment

cd) to monitor the level of the FM subcarrier and 30 Hz AM
signal s, keying of the 1620 Hz identification, the
relative field intensity, the FM deviation ratio, and

the azimuth of the nonitor antenna

() to indicate whether its signals are within or exceed
established limts, and, in the |atter case, to
initiate corrective action by actuating external

equi pnent

Page 130



FAA-E-2678c 5 August 7, 1989

5-3.3.7.6.1 Environnental test methed.- The nonitor antenna
shal | be tested in accordance wth Method 566..1,, "Raihi", of

MIE~STD-&h(y, Procedure 1.

5-3.3.7.7 Namewlafte.— A pamepl ate shal |l be provided and
mounted on the outside surface of the nonitor antenna nast.
The nanepl ate shall contain all the information required in
FAA-G~210®, but the size shall be reduced proportionately to
satisfactorily fit the mast.

5-3.3.7.7..4h Eguiivwmesit tithe.— The equi pment title for the
nanepl ate shall be: WVOGR MONI TOR ANTENNA

5-3.3.7.8 Monitor antenna extension fmst.— The nonitor
antenna extension mast shall consist of two sections of
standard | -inch £.B.8. al um num pi pe, each 48 to 50 i nches
long, and a standard |-inch f£.B.S. threaded metallic pipe
coupling 1 3/4 inches long. One extension section shall be
thrgade only at one end. Standard tapered threads shall be
used.

5-3.3.7.%9 Monitor antenna/nonitor intereconneeting cablles.-
The nonitor antenna output shall be connected to the nonitor
by nmeans of an odd nunber multiple of quarter-wavel ength
RG-223//U coaxial cable fitted wth TNE type connectors.
System performance requirenents of the nonitor equipnment
specified herein shall be met with an interconnecting cable
of up to 45 feet in length between the nonitor antenna and
nonitor switch, and 4060 feet between the nonitor antenna
switch and the monitor

5-3.3.8 Mbniitteix.~ The nonitor shall be a unit containing
the necessary circuits:

() to accept the RF signal fromthe antenna swtch and
simul ated VOR signals

(b) to differentiate between the various applied signals

(e to provide for the application of the audio signals to
ot her external equipnment

cd) to monitor the level of the FM subcarrier and 30 Hz AM
signal s, keying of the 1620 Hz identification, the
relative field intensity, the FM deviation ratio, and

the azimuth of the nonitor antenna

() to indicate whether its signals are within or exceed
established limts, and, in the |atter case, to
initiate corrective action by actuating external

equi pnent

Page 130



FAA-E-26778c] /5 August 7, 198%

300 to 3600 Wthin k2.5 (referred to 1600 Hz)

5-3.3.8.3.5 Audi o diistortion.~ The total harnonic
distortion in the range of 360 Hz to 3000 Hz shall not exceed

4 percent at rated output.

5-3.3.8.3.6 Hum and noiise.— The total hum and neiice | eve
shalllnot exceed -24 dBm at all settings of the |evel
control.

5-3.3.8.3.7 Headwhone outwuit.— The audio S|ﬁnals fromthe
aural output shall be applied to a Lf4 inch phone jack, which
shal | be provided on the front panel of the nonitor, mar ked
AUDI O for use in checking station identification and voi ce
S|gnals wi th headphones, and shall neet the requirenments of
the follow ng subparagraph A mating plug shall be provided
with the phone jack.

5-3.3.8.3.7..1 Outwuit wower.— The output power at the phone
jack, when termnated in a 20,000 ohm #5 percent resistive

| oad, shall be at |east +4 dBm. Al'so, connecting a 20,000
ohm +5 percent resistive |oad across t he phone j ack shal | not
cause a change in aural output at 1600 Hz at the rear
termnals greater than 0.5 dB.

lation from Hz AM nall..— The | evel of the
nal in the 30 Hz FM channel shall be at |east 60

-3. I

30 Hz AM si

dB below the level of 30 Hz AM at the output of the AM
det ector.

5-3.3.8.5 Detector siunall hatrmemies.- The |evel of
harnoni cs of the detected 30 Hz FM signal, as measured at the
i nput of the stage follow ng the detector, shall be at |east
60 dB bel ow the fundanental .

5-3.3.8.6 Azinmuth selection ciikeuiitt.— The requirenents of
the follow ng subparagraphs shall apply to the aaiinmitin
selection circuit.

5-3.3.8.6.1 Azimuth selection.- It shall be possible to

sel ect the azinuth reference between 000.® and 359.9 degrees
in 0.1 degree increments via the FCPU to PMDT interface or

he FCPU to RSCE i nterface (paragraphs 3-3.3.1.2.1 and 3-
.3.3.1.2.2 herein, respectively). This reference will be

et only at the h|ghest data access security |evel (paragraph
-3.3.1.12))..
3

-3.3.8.7 Zero adius
hal | automatically conpensate for the inherent phase
i fference between the two 30 Hz channels. The phase

t.~ The VOR nmonitor nicroprocessor

Q. W» jon WUJOO'_"_U)
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di fference conpensation shall be displayable as calibration
readout via FEPU interface request.

5-3.3.8.8 Aceuraev of azinmuth indieafdiem.—~ The azinuth
indication at the FCPU interfaces shall be accurate to within
+0.05 degree, readable to 0.1 degree for all azimutha

f nput's.

5-3.3.8.%.1 Stabillitw with changes i n siunall ggegugm@g:-
The azimuth shall remain constant within +0.0 degree wt

changes in frequency of the 30 Hz conponents of the input
signal s over the range of 28.7 to 30.3 Hz.

5-3.3.8.8.2 Stability with chanwes in AC | i ne volltade.— The
azimuth shall remain constant wthin 26.1 degree with changes
in AC line voltage (to the Battery Charger Power Supply) over
the range of service conditions.

5-3.3.8.8.3 Stabillity with voi ce sitnalls avvilied.— The
azi muth shall remain constant within +06.h degree when any
signals within the_frequencY range of 300 Hz to 3000 Hz are
applied to the monitor sinultaneously with the 30 Hz

conmponents of the input signal.

5-3.3.8.9 Fault ecikeuwits.~ The requirements of the

fol | owi ng subpara?raphs shal |l apply to the fault circuits.
Detection of the functions necessary to actuate the alarm
circuits may be acconplished by neans of electronic circuits.

5-3.3.8.9.1 Azinmuth faulit.—~ It shall be possible to set the
azimuth fault [imt between 0.1 and 1.9 degrees in 0.1 degree
i ncrenents over the range from 000.® through 359.9 degrees
via the FCPU interfaces. This limt will be set only at the
hi ghest data access secur|t% | evel (paragraph 8-3.3.1.12).
The nmeasured azinuth shall be conmpared to the reference
azimuth (5-3.3.8.6.1).. Wen the nagnitude of the difference
between those two val ues exceeds the value of the azinuth
fault |imt, a fault condition shall exist.

5-3.3.8.9.2 30 Hz AM nodul ati on faulit.— |t shall be

possible to set the 30 Hz AM nodul ation reference point

(nom nal 360 percent) between 20 and 40 percent nodul ation and
to set the 30 Hz AM nodul ation fault limt between 2 and 8
percent via the FEPU interfaces. The reference point and
fault Timt wll be set only at the highest data access
security level (paragraph 8-3.3.1.12). The neasured 36 Hz
modul ation shall be conpared to the 30 Hz AM nodul ation
reference. \Wen the measured value of the 30 Hz AM

modul ation differs fromthe reference point by a nagnitude
equal to or greater than the 30 Hz AM nodul ation fault limt,
a fault condition shall exist.
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5-3.3.8.9.3 FM Subcarrier nmodulation faufit.~ It shall be
possible to set the FM subcarrier nodul ation reference point
(nom nal 306 percent) between 20 and 40 percent and to set the
FM subcarrier nodulation fault |limt between 2 and 8 percent
via the FEPU user interfaces. The reference point and the
fault limt wll be set only at the highest data access
security level. The measured FM subeartiier nodul ation shal
be conpared to the FM subcarrier nodul ation reference. \Wen
the neasured val ue of the FM subcarrier nodulation differs
fromthe reference by a magnitude equal to or greater than
tﬁﬂlFM suqcarrler modul ation fault l'imt, a fault condition
shal | exist.

5-3.3.8.9.4 FM subcarrier freguemew deviation fault.- It
shal |l be possible to set the maxi mum frequency deviation
excursion reference point (nomnal 480 Hz) of the 9960 Hz FM
subcarrier between 424 and 536 Hz, and to set the FM
subcarrier frequency deviation fault limt between 8 and 40
Hz in 8 Hz steps via the FEPU user interfaces. The reference
point and the fault limt wll be set only at the highest
data access security level. The measured FM subcarrier
frequency deviation shall be conpared to the FM subcarrier
frequency deviation reference to determne fault conditions.

5-3.3.8.9.% |dentification faulit.- The system shall nonitor
the 1020 Hz identification signal. The nonitored

i dentification signal shall be conpared with the

i dentification code as set through the FEPU interfaces. Wen
the nonitored identification signal does not agree with the
code as set through the FCPU interfaces, an alarm comsfiittr?
shal | exist. Means shall be incorporated to preclude voice
transm ssion frominterfering wth the identification nonitor
(paragraph 4-3.3.3.12.2.1)).

5-3.3.8.9.6 Field intensiitw fault.- It shall be possible to
set the nomnal relative field intensity reference point and
to set the relative field intensity fault limt between 1 and
9 dB via the FEPU interfaces. The reference point and the
fault limt wll be set only at the highest data access
security level. The measured relative field |nten3|tK shal
be conpared to the reference field intensity. Wen the
measured value of the field intensity is |ess than the
reference field intensity by a magnitude equal to or greater
than the field intensit¥ fault limt, a fault condition shall
exist. The stability of the field intensity neasurenent
shal | be +h..0 dB.

5-3.3.8.9.7 Main al arm outputt.— An alarmoutput circuit
shal | be provided to initiate shutdown of the VGR
transmitter. An adjustable control shall be accessible from

the FCPU interfaces to provide an alarmindication within 4
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to 10 seconds o a fault condition. Once set, the alarmtine
shal | remain constant within 6.1 second.

5-3.3.8.9.2.1 Al arm bvedass control .- An al arm bypass
control shall be provided and connected to prevent shutdown
and renote indication of alarm when activated. The bypass
switch and an amber LED on the transmtter front panel “shal

i ndi cate when the nonitors are bypassed. The FEPU shal | not
override the action of the alarm bypass system The bypass
shal | also be controlled by the FEBuU. Indication of bypass
condition shall be provided to the renote control site.

5-3.3.8.9.7.2 Auxiilliaty al arm iawut.— The nonitor shall
include a pair of input termnals such that external nornally
closed contacts will be connected in series with the alarm
circuit described herein. Additional nonitors (such as
Doppl er VOGR sideband antenna nonitor or frequency difference
monitor or both, not required to be furnished) may be
connected at Doppler VOR facilities, however, the termnals
shall be short-circuited prior to equi pment delivery.

5-3.3.8.9.8 Renote readouitt.— The follow ng shall be rempted
by the FCPU:

(g) azimuth to hundredths of a degree

(b) 30 Hz and FM subcarrier (9960 Hz) nodul ation to
percent nodul ation

(¢) 30 hz2 AM frequency to tenths of a cycle
(d) FM subcarrier frequency deviation to 5 Hz
(e) relative field intensity in tenths of decibels
() status of nonitor alarm bypass
5-3.3.8.9.9 Fail -saf e owetration.- The nonitor shall be
desi gned to provi de "ffzil-sadeet* operation, i.e., the

requirenents given in the follow ng subparagraph shall be
met .

-3.3.8.9.9.1 Convonent faillure.— Failure within the
nnnltor(sL shal | cause an alarm or result in a phase shift
of less than +0.5 degree, and/or change in level of the 80 Hz
AM or FM subcarrier anplitude nodul ations of |less than +5
percent of their preset value. In the l[atter case (i.e.
phase shift of |less than +0.% degree and/or change in

modul ation of |ess than +5 percent), any additional changes
in the phase shift between and/or nodul ation |evels of the
signals, applied to and within the nonitor section, shal
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cause an alarmcondition when the total change equals the
preset limts.

5-3.3.8.9.10 Fault settiimg tollerances.- A fault shall be
detected by the respective fault circuit when the paraneter
val ue increases or decreases beyond ptess“- acceptable limts
with the follow ng tolerances:

Azimut h +0.l1 degree
30 Hz AM nodul ati on +h percent
FM subcarrier nodul ation +h percent
FM subcarrier frequency deviation +5 Hz

Field intensity +1 dB

5-3.3.8..10 Keveirr..~ The keyer shall|l operate to key the 1020
Hz audio signal (see paragraph a-3.3.3.10) into the dot-dash
characters of International Mrse Code representing any
three- or four-letter conbination of the al phabet. = The
characters shall be programmable via the FCPU interfaces.

The keyer shal|l be of digital design. The use of notor
driven keying devices to create the keying inpulses is not
permtted.

5-3.3.8.10.1 Identification code eharacteriistics.~ The
i dentification code characteristics shall conformto the
fol | ow ng:

() The dots shall be of a duration between 1060
mlliseconds and 125 nilliseconds. The dashes shal
be of a duration three tines that of the dots.

(b) The spacin? between the dots and dashes of a code
letter shall be equal to the duration of one dot
within 5 percent.

(eh The spacing between consecutive letters of the three-
or four-letter identification code group shall be
equal to the duration of three dots witthi;. +hO percent
(pl us tolraacke only). Provision shall be included to
program a space equal to five (5) dot Iengths between
the last two letters of the code group.

(d) The repetition rate for the three- or four-letter
identification code group shall be eight tines per
m nute (once in each 75-dot Iength I nterval ), except
as not ed under paragraph 5-3.3.8.10.2.

-3.3.8.10.2 Synchromization f or associ at ed eguiipmemit .~ The
keyer shall be programmed to operate in association with DME
equi pnent such that every fourth identification cycle shal
cause a keying synchronization inpulse to be provided to the
DME. The other identification cycles shall be for the VOR.
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5-3.4 Reliiabifliitv.~ (See paragraph 1-3.4 of Part i.))

5-4 OUALITY ASSURANCE.- (See paragraph b-4 Part 1.))
5-5 PREPARATI ON FOR DELUVEERY .- (See paragraph 1-5 Part 1.))
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DEPARTVENT OF TRANSPORTY). 10N
FEDERAL AVI ATl ON ADMIINISTRATIION

VOR/DME EQUI PVENT
PART 6 - DME TRANSPONDER EQUI PVENT

6-i SCOPE - DME TRANSPONDER EOQUIBMENT
-1.1 f Par .~ This Part 6 is one of a group of
| VOR) DME

speci fication documents under the basic heading "

Equi prent”, each of which carries the basic nunber FAA-E-2673
together with an alpha revision letter and a slant |ine and
nunber corresponding to the Part nunber. This Part 6 covers
requirements for DME Transponder Equi pnent to be furnished as
part of a set of equipnent as defined in Part 1 of this

speci fication.

6-1.2 Limtations of Part 6.- This Part 6 does not
conpletelr define the requirements for physical and
electrical interface with other equipment el enents covered
under other parts of the specification, these being the
responsibility of the contractor. Additionally, certain
requi rements are defined only through reference to other
parts of the specification

6-2 APPLI CABLE DOCUMENTS .- (See paragraph b-2 of Part 1.))
6-3 REOUITREMENTS:

6-3.1 Fquiiymemit to be furnished bv the contractor.- Each
set of equiprment shall be conplete and in accordance with al

speci fication requirenents and shall be completely wired and
ready for operatiiem upon connections of power, external
control cables, external antenna cable, and when

i nterconnected with other eqU|Pnent units conprising a set of
ground station equipment as defined in paragraph 1-3.2.1 of
Part 1 of this specification. Each set of equipnent shall be
tuned and adjusted for operation on a channel assigned in
accordance wth the provisions contained in the contract
schedul e prior to shipnment (see Table | of Part 1 for channel

frequencies and pairings).

6-3.1.1 DME.~ FEach DME shall consist of the conponents
descri bed in paragraphs 6-3.4 t hrough 6-3.4.6.%.

6-3.2 Defiiniittients.~ (See al so paragraph £-3.1 of Part 1.))
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6-3.2.1..5 Intertrosafiiem fate.— The pulse pair rate for each

interrogation signal is not [ess than 106 nor nore than 150
pul se pairs per second (pps))..

6-3.2.2 Transponder teplly deflav time.- For the purge.ses of
this specification, reply delay tine is defined as the time
in mcroseconds of all delay introduced by eireuwitst of the
transponder equipnment in transmtting a pair of reply pul ses
in response to an interrogation signal. The reply delay time
is measured fromthe 50 percent maxi num vol tage anplitude
point on the |eading edPe of the first constituent RF pul se
of the interrogation pulse pair to the corresponding point on
the first constituent RF pulse of the reply pulse pair.
(Note that first pulse timng is involved which will require
retention of the tine of the 50 Percent anpl i tude point of
the | eading edge of the first pulse pending decode or pul se
spacing validation. The nom nal values of reply delays are
52 n1C{?$econds for M¥t* channel and 56 m croseconds for ty"
channel .

6-3.2.3 Sauiitter.~ Randomy occurring pul se pairs generated
within the transponder as required to naintain a m ninmm
outPut pul se count of 1350 +150 pps. As the nunpber of
replies to aircraft interrogations increases, the number of
squiitter pulses is automatically reduced to nmaintain the

m ni mum out put pul se count at the specified |evel.

6-3.2.4 Autonmtic gaih reduction gﬂéﬁhu— A feature of the
transponder which automatically reduces the sensitivity ¢%
the receiver to limt the nunber of replies to interrogations
to a specified maxi mum (presently 1350 +150 pps))..

6-3.2.5 Recei ver sefsiitiiwiittz -~ That |evel of interrogation
signal as neasured at the antenna input termnals of the
ground station transponder which results in 70 percent
replies to the interrogation signal. The ternms "receiver
Semsi it iirtiyly" and "recelver threshold triggering levell™ are
often used interchangeably. (See 6-3.2.6 bel ow.)

~3.2. ' _ triadering levell.— (See 6-3.2.5
above.) As used herein refers to the receiver sensitivity in
the absence of traffic loading resulting in AGR or reduction
inreply efficiency due to echo suppression bl anki ng.

6-3.2.7 Replly effietienev.- The percentage of replies
provided by the transponder to an interrogation signal of a
given level. The nHX|nun1re?Iy efficiency is limted by the
nunber of receiver output pul ses (squittet plus replies) and
the receiver dead tine.
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The follow ng paragraphs identify requirements for the
t ransponder equi pment and associated circuitry.

6-3.4.1 Overatiims channells.— Transponders shall provide the
speci fied performance on each of the chargells and nodes (X or
Y) listed in Table | of Part 1 when the proper frequency
channel is selected by neans of the frequency symith=sizer
(paragraph 1-3.3.14 of Part 1).. (Except as may be permtted
in 6-3.4.1.1 and 6-3.4.1.2 below, no other action shall be
required to change channels.)

6-3.4.1.1 Broadband eoperatien.- One single design shall be
utilized for each RF device to cover operation on any

sel ected channel .

6-3.4.1.2 RF tuning.— Unless otherw se provided in the
contract or request for proposal, each RF device shall be
capabl e of operating on any channel assignment within its
design range (6-3.4.1.1 above) without the need for retuning.
A pre-sellecttwr (if used) shall be exenpt fromthis
requirenent.

-3.4.1. nnel fregue aceutral nd stabiilliittw .~ (See
paragraph 1-3.3.14.1 of Part 1.)

6-3.4.1.4 RF ntiise parameitenrs.~ RF pul se paranmeters shal
be based on |inear detection of the RF enve oBe(s) of the
pul ses.  Reply pul se spacing and shape shall be as neasured
at the output of the transmtter, and reply delay shall b3
measured as defined under 6-3.2.2. (Wile certain
requirements on pernmtted variation and stability nmay be
contai ned hereinafter under a specific functional heading
most directly associated with the required perfornmance, the
stated requirement shall nevertheless apply to the
transponder as a whole.)

6-3.4.2 Duplexet.— A dupllexer shall be provided to permt
si mul t aneous operation of the receiver and transmtter on a
single antenna. The dupllexetr shall be of the passive type.
No adjustnent to the dupllexer shall be required in order to
achi eve the Ferfornance requi red throughout the band of

frequencies listed in Table | of Part

6-3.4.3 Receiver and associated video ciirewitmw.~ All
performance requirenments specified hereinafter which involve
Interrogation signal (s) shall be met when the signals have
ang conbi nation of characteristics defined under paragraphs
6-3.2.1 through 6-3.2.1.5 and, unless otherw se indicated,
have ang value fromthreshold triggering level to not |ess
than -10 dBm as referenced to the transponder antenna

transm ssion line connector.
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6-3.4.3.1 Receiver bandwi dth and stabiliity.- The bandwi dth
of the receiver and the stability thereof shalli be such that
the threshold sensitivity is not reduced by nore than 3 dB
when the total receiver drift in either direction is added
directly to an interrogation signal frequency deviation of
Loo KHz in the opposite direction.

6-3.4.3.2 Receiver decodet.~ The decoder shall decode and
produce an output pulse frominterrogation signal pulse pairs
occurring at spacing within the range of:

(a) 12 +0.5 m croseconds for channel numbers ending in the
suffix "ge.

(b) 36 +0..5 m croseconds for channel nunbers ending in the
suffix hy.

Decodi ng of a single pulse shall not occur.

6-3.4.3.3 Receiver dead tiise.- Each decoded pulse .
(6-3.4.32) shall result in the generation of a dead tine
interval during which tine the transponder shall not reply to
any other signals at any and all levels up to -10 dBm. The
dead time interval shall be adjustable throughout the range
of 50 to 150 microseconds. Wth the exception of the number
of decoded receiver noise pulses permtted under 6-3.4.3.10,
dead time shall only be generated by received and decoded

interrogation pulse pairs.

6-3.4.3.4 Recei ver teeovety tine.— The recovery time of the
recelver and Its associated video circuitry shall be such

that the sensitivity to desired interrogations is not reduced
by more than 2 dB when desired interrogations occur 8

m croseconds (except 9 to 15 microseconds in X-node, and 33
to 39 mcroseconds in Y-node) and nore after the reception of
undesired pul ses having all levels up to 60 dB above the
sensitivity of the receiver in the absence of such undesired
pul ses. The desired interrogations shall be RF pulse pairs
conformng to the characteristics specified in paragraph
6-3.2.1 through 6-3.2.1.% and t he undesired pul ses sha
conformto the same requirenents except that the pul se
spacing shall be outside the [imts of 6-3.2.1.4 (such that
dead tine is not generated). The 8 mcrosecond spacing shal
be neasured between the 5@ percent voltage point on the

| eadi ng edge of the second pulse of the undesired pulse pair
and the corresponding point on the |eading edge of the first
pul se of the desired pulse pair.

6-3.4.3.5 Echo suppressiieh.- Echo suppression shall be
provided in accordance with the follow ng subparagraphs.
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6-3.4.3.1 Receiver bandwi dth and stabiliity.- The bandwi dth
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6-3.4.3.6 Station DME traffic | oad moniteming -~ outputs
shall be provided for local and renote nonitoring of:

(a) The total nunber of decoded pulse pairs per second
(total traffic).

(b) The nunmber of echo suppression desensitization pul ses
(6-3.4.3.39) triggered per second (local or strong
signal traffic).

6-3.4..3..7 Recei ver sensiittiiwiittw -~ The recejver sensitivity
for a reply efficiency of 70 percent shall be in accordance

with the follow ng subparagraphs. The neasurenents shall be
referenced to the exterior cabinet connector to which the
transmssion line to the antenna is connected. (The val ues
specified shall apply in the absence of automatic gain
reducti on {AGR]],, paragraph 6-3.4.3..12)).

6-3.4.3.7..1_On-channel sensiitiiwittw -~ For interrogation
signals haV|n% a repetition rate of 306 pps and having
5ﬁa0|ngs of the constituent pulses of a pair anywhere within
e limts of paragraph 6-3.4.3.2, the receiver sen5|t|V|ty
in the absence of other interrogations, and with a dead time
setting of 60 mcroseconds, shall be -94 dBm or better (i.e.,
the receiver threshold trlggerlng | evel shall be -94 dBm or
lower).  (This value shall apply when the receiver gain
control of paragraph 6-3.4.3.1® is set to allow the maximm
perm ssi bl e number of receiver noise decodes.) Once set
within its range, sensitivity nmust be stable within 1.0 dB
+g % gBﬂeyer the service range of tenperature). (See also
)

6-3.4.3.7..1..0h Variation wth jintertrodeitiiesh Loading.— The
sensitivity of the receiver shall not be reduced by nore than
1 dB fromthe value neasured in 6-3.4.3.7.1 in the presence
of 2970 (3170 for H¥r channels) additional pps (or such

hi gher nunmber as may be required to provide 2500 ground
station replies at an average reply efficiency of not |ess
than 75 percent for u%v channels and 70 percent for #¥f
channels? at a level of -70 dBm, with echo suppression

circuits (6-3.4.3.5.2) di sabl ed.

.4..3. iitteting | evel th ulise spaetings.—
The n1n|nun1tr|gger|ng | evel for BNE 5|gnal pul ses having a
spaci ng of the constituent pulse of a pair deV|at|n% fromthe
design center value by #3.® m croseconds and nore shall be at

Igast 70 dB hi gher than the val ue neasured in 6-3.4.3. 7 N
above

-3.4.3.7.. iti ' f i
gatiems.— The presence of |nterrogat|on signal s at +900 KHz
from the on-channel frequencies which have pul se coding which

Page 145



August 7, 1689 FAA-E-26780) 65
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6-3.4.3.7..1_On-channel sensiitiiwittw -~ For interrogation
signals haV|n% a repetition rate of 306 pps and having
5ﬁa0|ngs of the constituent pulses of a pair anywhere within
e limts of paragraph 6-3.4.3.2, the receiver sen5|t|V|ty
in the absence of other interrogations, and with a dead time
setting of 60 mcroseconds, shall be -94 dBm or better (i.e.,
the receiver threshold trlggerlng | evel shall be -94 dBm or
lower).  (This value shall apply when the receiver gain
control of paragraph 6-3.4.3.1® is set to allow the maximm
perm ssi bl e number of receiver noise decodes.) Once set
within its range, sensitivity nmust be stable within 1.0 dB
+g % gBﬂeyer the service range of tenperature). (See also
)

6-3.4.3.7..1..0h Variation wth jintertrodeitiiesh Loading.— The
sensitivity of the receiver shall not be reduced by nore than
1 dB fromthe value neasured in 6-3.4.3.7.1 in the presence
of 2970 (3170 for H¥r channels) additional pps (or such

hi gher nunmber as may be required to provide 2500 ground
station replies at an average reply efficiency of not |ess
than 75 percent for u%v channels and 70 percent for #¥f
channels? at a level of -70 dBm, with echo suppression

circuits (6-3.4.3.5.2) di sabl ed.

.4..3. iitteting | evel th ulise spaetings.—
The n1n|nun1tr|gger|ng | evel for BNE 5|gnal pul ses having a
spaci ng of the constituent pulse of a pair deV|at|n% fromthe
design center value by #3.® m croseconds and nore shall be at

Igast 70 dB hi gher than the val ue neasured in 6-3.4.3. 7 N
above

-3.4.3.7.. iti ' f i
gatiems.— The presence of |nterrogat|on signal s at +900 KHz
from the on-channel frequencies which have pul se coding which
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an interrogation pulse rise tinme of 0.10 (#6.h0)
m cr osecond.

(el A total variation of 6.10 nicrosecond with an input
signal level of mnus (-) 60 dBmw th a variation of
interrogation pulse rise time through the range of
0.20 to 0.8 m crosecond and a total variation of 6.5
m crosecond through the range of 0.8 to 3.0
m croseconds.

(d) A total variation of 6.1@ m crosecond with an input
signal level of mnus (-) 60 dBmw th variation in
interrogation pulse repetition frequency (PRF) from 28
t hrough 4800 pps with an interrogation pulse rise tinme
of 0.10 (20.10)) m crosecond.

6-3.4.3.7..4 Pulse w dth disetiiniination.— The receiver shal
provide a mninmum of 706 dB of rejection to:

(a) Paired pulses of any spacing, including spacing wthin
t he range of 6-3.4.3.2, where either pulse has a width
of 0.8 mcrosecond or |ess.

(b) Single pulses on any width including wdths within the
range of pul se spaci ngs of 6-3.4.3.2.

6-3.4.3.8 Replv effiiciencv.- Two sets of performance
requirenents are specified below. The first (paragraph
6-3.4.3..8.1) appl i es when the transponder is operated to
ErOV|de a maxi mum nunber of replies to interrogations of 2700
290 pul se pairs per second. The second (paragraph

6-3.4.3.8.2) applies when the transponder is operated to
permt as many as 5000 replies to interrogations.

6-3.4.3.8.1 Present dutv evelle.— In the absence of other
interrogations, the receiver and its associated video
circuitry shall provide a reply efficiency of not |ess than
85 percent (80 percent for ##t channel) to the interrogation
of a single aircraft (30 pps) when the level of interrogating
signal is 106 dB above the threshold sensitivity level. In

t he presence of additional |nterro?at|ons of 2970 pps (3170
for Wy channel) having signal |evels above the threshold
sensitivity level, including |evels as high as -70 dBm, t he
repl¥ efficiency to the same single aircraft interrogation
shall not be |less than 75 percent (70 percent for "y
channel) with a receiver dead tine setting of 60 m croseconds
and with the echo suppression circuit (6-3.4.3.5.2) disabled.
(For purposes of denmonstration of conpliance, the effect of
the specified nunber of interrogations may be sinulated
throu%h the use of one or nore ﬁenerators producing a total

of 2500 decodes per second in the absence of other

I nterrogations.)
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squiittter triggers wll be inhibited for all spacings of 25
m croseconds and | ess for #¥t channel and 65 m croseconds and
| ess for #¥r channel .

6-3.4.3.1h Pul rat ntt@l.— The conposite signal at the
video output termnal of the priority gate circuitry
(paragraph 6-3.4.3.20.4)) shal | consist of decoded

i nterrogation ﬁulses or squiitter pul ses, or both, in
accordance with the follow ng and paragraph 6-3.4.3.12. The
squiitter pul ses fromthe separate squititer generator shall be
autonmatically controlled in nunber as a function of
interrogation signal |oading (6-3.4.3.11.h). The output
pul se spacing distribution of the separate squitter

generator shall be essentially exponential with a m nimm
spacing of 60 m croseconds. Wen the squiitter pul se

enerator is providing output pulse pairs at the rate of 1350
2150 (in the absence of decoded interrogation or receiver

noi se Bulses) the output pul se pair spacing distribution
shall be non-uniformw th no pulse pairs spaced |ess than 60
m croseconds apart.

6-3.4.3.00..h Effect of traffic boading.~ For all

interrogation rates resulting in zero to 1500 receiver
decodes per second, the squittetr pul se generator shal
produce not nore than 1500-N pul ses per second nor |ess than
1200-N pul ses per second, where N is the nunber of receiver
decodes. For all interrogation rates resulting in excess of
1500 recei ver decodes per second, the squitter pul se
generator shall produce no output.

-3.4.3.12 Aut ti il r t .— Under
interrogation overload conditions in which the nunber of
replies to interrogation signals tends to exceed 1350 pul se
palrs per second, the receiver sensitivity shall be
automatically reduced by the m ni mum anount necessary to
mai ntain the transponder output pulse rate of 2700 (+150))
pul se pairs per second. The available gain reduction shal
not be less than 35 dB. The AGR circuit shall be adjustable
(for future use... when increased traffic handling capacity
may be required) to operate at any nomnal level up to a
transponder output pulse rate of 5000 (+150)) pps..

6-3.4.3.12.1 interrouatiion over|oad siunall.- At all tines
that AGRis in operation, a signal shall be provided to the
monitor(s) (Part 7 of this specification) in order to prevent
receiver sensitivity alarns at tinmes when the sensitivity has
been deliberately reduced due to traffic overl oad.

6-3.4.4 Coder and associated eitcuitrv.- Circuitry

associ ated with the coder shall acconplish gatiimg, tim ng,

and coding of the distance reply and identity RF output =
signal s produced by the transnifter. The coder shall utilize
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the decoded reply pulse (or squitter)) outputs of the receiver
(6-3.4.3)) and Morse code keying fromthe operating VOR
transmtter or fromthe DME keyer (6-3.4.%).

6-3.4.4.1 Priietiity of transmiissien.— The order of
recedence for transm ssion of the euipih:: signal pul se shal

e.

(1) ldentity pulses.
(2)) D stance reply or squittesr pul se pairs.

Di stance reply (or squititer)) pul se pairs shall not be
transmtted durlng the interval (Mrse code dot or dash) of
transm ssion of identification signal pulse groups.

6-3.4.4..2 Replly pulise codiifg.— Reply pul ses shall be coded
in pairs wth a spacing as neasured between the 50 percent
maxi mum vol t age anplitude point on the |eading edge of the
first RF pulse to the corresponding point on the [eading edge
of the second RF pulse, of (a) 12 ggﬁxzﬁ) m croseconds for
channel nunbers ending in the suftix wX® or, (b) 30 (k0.29)
m croseconds for channel nunbers ending in the suffix "yw.

6-3.4.4.3 Replly dehay..~ Means shall be provided to set the
nomnal reply delay tine to within 6.6625 m crosecond of any
desired value between the limts of 85 to 51 m croseconds on
X" channel s (46 to 62 m croseconds on ¥ channel s).

6-3.4.4.4 |dentification siunall.~ The identification signa
shal |l consist of a group of two pulses at a basic repetition
rate of 1350 +10 pps. Each group shall consist of one pair
of pul ses spaced at 12 or 36 us (first pulse to first pulse).
The time of occurrence of the identification groups shall be
governed by the 1350 Hz tone generator. A separate, internal
1350 Hz source shall be provided. The internal source shal
have a frequency and stability of 1350 +5 Hz. The
identification signal shall only be transmtted during
periods of keilng (Morse code dot or dash) provided by the
external VOR keyet or by the internal DME keyetr (6-3.4.9)..

6-3.4.5 | dentification kevifg.— Under normal operation,
identification keying of the DME shall be acconplished by
means of the identification keyet of the_%peraplng VGR

equi pnent (see Parts 4 and 5 of this specification),
resulting in keying of the DME during each fourth (see
5-3.3.8.10.2) cycl e (approxi mately once each 30 seconds),
during which keying of the VGRis omtted. In addition
thereto, each DME equi pment shall be provided with its own
internal keyet to allow the DME to continue in operation
upon failure of the VOR. In the event of shutdown of the
VOR, the internal keyetr shall autonatically assume the keying
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output level within the range of 1600 watts to 250 watts or
within the range of 1060 watts to 25 watts directly fromthe
FCPU interfaces. Al transponder output signal requirenments
of paragraph 6-3.4.5.1.1 through 6-3.4.6.01..n4 shall be net

t hroughout the specified range of power output |evels without
the need for readjustnment of any other controls.

6-3.4.6..1..5 Tuni ng and spukiiews out put.- The tunime of all RF
stages shall be straightforward and free of ambiguities.

There shall be no spurious output or parasitic oscillations
In any stage for any conbination of tuning control positions
with either normal or subnormal excitation conditions.

6-3.4.1.6 RF nullse siianall speettum.— The pul se si gnal
SEectrun1of the transmtter output signal shall be such that
the power contained in a 06.50 Miz band centered on
frequencies 0.80 MHz above and bel ow the nom nal reply

fre uency is in each case at a level which is not |ess than
47 dB below the power contained in a 6.50 MHz band centered
on frequencies 2.6 Miz above and bel ow the nominal reply
frequency shall in each case be at a |evel which is not |ess
than 67 dB bel ow the power contained in a 0.50 Mz band
centered on the nomnal reply frequency. Al other |ike
bands of the spectrum which are further renoved fromthe
reply frequency shall have |ower |evels of power threiim than
the adjacent band nearer the reply frequency. (The above dB
ratios shall apply when the transponder is delivering 1000
watts of peak power. For any hi gher peak power output, the
mninumdB ratios shall be increased properitienaitedly. . eegq, ,
for an output power of 1250 watts the dB ratios shall be 48
and 68 dB in |lieu of 47 dB and 67d&. Conversely, for the
reduced power |evels specified in paragraph 6-3.4.6.1.4 the
dB ratios shall be reduced proportionately.)

6-3.4.6..1..7 Spufieus outwut.— At all frequencies from 27 to
1660 MHz, but excluding the band of frequencies from 960 to

1215 MHz, the spurious output as measured at the antenna
transm ssion |ine connector shall not exceed -40 dBni/Kiz of
receiver bandwidth. For purposes of determning conpliance
measurenent shall be nade using a receiver having a 6 dB
bandw dth not greater than 166 KHz. The equi val ent

i sotropically radiated power of any CGW harnonic of the
carrier frequency on any DME OEeratlng channel shall not
exceed -10 dBm. The |evel of harnonics and spurious

radi ati on between 860 and 1215 MHZ, 2 MHZ renoved fromthe
assigned frequency, shall be at |east 43 + 10 | og (mean
carrier power) decibels below the carrier, absolute |evel of
50 mcrowatts.

-3.4.6.1..8 | nter-Pul outwut tevell.- The RF output |evel
during the interval between occurrence of the desired pul se
pairs shall not exceed a level which is 80 dB bel ow t he
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMIWES.HXTION

VOR//DME EQUI PMENT
PART 7 - DME MONI TOR EQUI PMENT

7-h SCOPE - DME MONI TOR EQUIPMFNT

7-1.1 Scowe of Part 7.- This Part 7 is one of a group of
speci fication docunents under the basic headi ng VoG DNE
Equiippment", each of which carries the basic nunber FAA-E-2678®
together with an alpha revision letter and a slant |ine and
nunber corresponding to the Part nunber. This Part 7 covers
requi rements for DME Monitor Eguiannt to be furnished as
part of a set of equipnment as defined in Part 1 of this

speci fication.

7-1.2 Limtations of Part 7.- This Part 7 does not
conpletelr define the requirenents for physical and
electrical interface with other equi pment el enents covered
under other parts of the specification, these being the
responsibility of the contractor. Additionally, certain
requirements are defined only through reference to other
parts of the specification

7-2 APPL| CABLE — (See paragraph 1-2 of Part 1.)
- REGUIT
7-3.1 Fouiiwmenit t o be furni shed bv the contractor.- Each

monitor shall be conplete, functionally independent, and in
accordance with all specification requirements. Each nonitor
shall be conpletely wred and ready for oPeration upon
connection of power, external control cables, externa

antenna cable and when interconnected with other equipnent
units conprising a set of ground station equi pment as defined
in paragraph 1-3.2.1 of Part 1 of this specification. Each
moni tor shall be tuned and adjusted for operation on a
channel assigned in accordance wth the provisions_contained
in the contract schedule prior to shipnent. (See Table | of
Part 1 for channel frequencies and pairings.)

7-3.1.1 DME menitet.- Each DME nonitor shall consist of the
conponents described in paragraph 7-3..4 t hrough 7-3..4.5.
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(7-3.4..4) the frequency synthesizer shall also ﬁrovide for
outputs of 2200 KHz and 2900 KHz renoved from the assigned
channel interrogation frequency for test purposes.

7-3.4.1.1 Broadband operatign.- ‘'Jhnlass otherw se specified
in the contract or request for' propesall, one single design
shall be utilized for each RF device to cover operation on

any selected channel.

7-3.4.1.2 RF tunimg.— Unless otherw se specified in the
contract or request for proposal, each RF device shall be
capabl e of operating on any channel assignnent (7-3.4.1))
wi thout the need for retuning.

7-3.4.1.3 Channel frequemew accutracv and stabiilliittw.— (See
paragraph 1-3.3.14.4 of Part 1.) The specified accuracy and

stability shall apply identically to the selected channel and
to the +200 and +900 KHz outputs of the interrogation Signal
Cenerator (7-3.4.4)).

7-3.4.1.4 RF pul se paramettenss.~ (See paragraph 6-3.4.1..4 of
Part 6.))

ignall € [ 1y .—

7-3.4.2.1 [ntertouattiiem wath.- Each nonitor shall provide
for in;erro?atlon of the transponder (nornmal unattended
operation) for test purposes through command of the FCRU,
Part 3 of the specification, via a (nomnal) 306 dB
directional coupler described in paragraph 7-3.4.2.3.

7-3.4.2..2 Replly path.-
7-3.4.2.2.1 Antenna transm SsSion lLine/transponder outwuit .—

Most signal paraneters (identified hereinafter) shall be
monitored via the (nomnal) 30 dB directional couplers _
described in paragraph 7-3.4.23. Each nonitor shall provide
for sampling the replies of the transponder (normal
unattended operation) in response to the interrogations of
the nonitor (see 7-3.4.2.1 above).

7-3.4.2.2.2.1 RF inmit bevells.— A | nonitor performance
requi renments shall be met when the transponder has any
initial RF output power |evel of between 50 and 1600 watts
peak (0.05 to 1 watt input to the monitor with nomnal 30 dB
coupling factor).

7-3.4.2.2.2 Radi ated siignall..- DME signal paraneters
éjdenplfled hereinafter) not nonitored by neans of
irectional couplers |ocated in the antenna or transponder
output transmission line (7-3.4.2.2.1 above) shall be
nmoni tored by nmeans of signal coupling probes (two each) in
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7-3.4.1.2 RF tunimg.— Unless otherw se specified in the
contract or request for proposal, each RF device shall be
capabl e of operating on any channel assignnent (7-3.4.1))
wi thout the need for retuning.

7-3.4.1.3 Channel frequemew accutracv and stabiilliittw.— (See
paragraph 1-3.3.14.4 of Part 1.) The specified accuracy and

stability shall apply identically to the selected channel and
to the +200 and +900 KHz outputs of the interrogation Signal
Cenerator (7-3.4.4)).

7-3.4.1.4 RF pul se paramettenss.~ (See paragraph 6-3.4.1..4 of
Part 6.))

ignall € [ 1y .—

7-3.4.2.1 [ntertouattiiem wath.- Each nonitor shall provide
for in;erro?atlon of the transponder (nornmal unattended
operation) for test purposes through command of the FCRU,
Part 3 of the specification, via a (nomnal) 306 dB
directional coupler described in paragraph 7-3.4.2.3.

7-3.4.2..2 Replly path.-
7-3.4.2.2.1 Antenna transm SsSion lLine/transponder outwuit .—

Most signal paraneters (identified hereinafter) shall be
monitored via the (nomnal) 30 dB directional couplers _
described in paragraph 7-3.4.23. Each nonitor shall provide
for sampling the replies of the transponder (normal
unattended operation) in response to the interrogations of
the nonitor (see 7-3.4.2.1 above).

7-3.4.2.2.2.1 RF inmit bevells.— A | nonitor performance
requi renments shall be met when the transponder has any
initial RF output power |evel of between 50 and 1600 watts
peak (0.05 to 1 watt input to the monitor with nomnal 30 dB
coupling factor).

7-3.4.2.2.2 Radi ated siignall..- DME signal paraneters
éjdenplfled hereinafter) not nonitored by neans of
irectional couplers |ocated in the antenna or transponder
output transmission line (7-3.4.2.2.1 above) shall be
nmoni tored by nmeans of signal coupling probes (two each) in
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NOTE 3: (g) shall utilize the output of the DME antenna
coupling probes (7-3.4.2.2.2.0)).

7-3.4.3..1 Executive nonitor al armactiom.~ The follow ng
actions shall occur as the result of nonitor alarns on key
signal parameters of 7-3.4.3 above, subject to the

requi renents of paragraph 7-3.3.4 herein.

(1) Al arm on paraneters (a), (b), (¢), (d), or (f) of 7-
3.4.3 shall result in transfer (if this is the first
alarm) of redundant encoder circuitry, in the
transponder (where so equi pped), or in the shutdown of
the DME (if this is the second alarm, as appropriate.
(See paragraphs 1-3.1.14 and 1-3.3.19 of Part 1.)

2) Alarm on either paraneters (e) or y shall result in
(2 shut down of ther%ME. (e (9

7-3.4.3.2 Key parapetter detail ed requirenents.-

7-3.4.3.2.1 Re dela pitet.-~ The reply delay nonitor
shal | measure the position of reply pulses transmtted in
response to the higher-level outputs of the interrogation

si gnal ﬂenerator (paragraph 7-3.4..4). The fault threshold
point shall be reached whenever the reply delay (6-3.2.3 of
Part 6)) deviates fromits nom nal setting by k0.6 (k0.2)

m crosecond and more. The perfornmance of the reply delay
moni tor shall not be sensitive to the interrogation rate of
the monitor signal generator nor to the percentage of replies
to monitor interrogation for reply efficiencies as |ow as 50
percent. The reply delay monitor shall, however, provide a
count of the numper of replies to nonitor interrogation and
provide a neasure of reply efficiency for renote maintenance
nmonitoring purposes. False alarmdata collection may be
inhibited during identification for a period of time not to
exceed 5 seconds.

7-3.4.3.2.2 Qutwutt puflse swaciing mpnitor.- The output pul se
spacing nonitor shall neasure the spacing of the transponder
out put pul se pairs (6-3.4.4.2 of Part 6).. The fault
threshold shall be reached whenever the spacing deviates from
the nomnal value for the channel assigned (12.0 or 30.0

nm croseconds) by +06.4 (¥0.2)) nicrosecond and nore. False
alarm data col |l ection may be inhibited during identification
for a period of time not to exceed 5 seconds.

7-3.4.3.2.3 Receiver it vii nitor.~- The receiver
sensitivity monitor shall measure the percentage of replies
transmtted in response to the |ower-level outputs of _the
interrogation signal generator (paragraph 7-3.4.4). The
fault threshold level shall be adjustable between the limts
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of 50 to 70 percent. The adjustment shall either be
continuous or in increnents of not %reater_than_z.s percent.
Fault (and alarnm conditions shall be provided in accordance
with the follow ng.

(a) Wthin 15 seconds (90 percent confidence |evel) when
the true reﬁly efficiency is 10 percentage points
bel ow the threshold setting

(B) Wthin 306 seconds (90 percent confidence |evel) when
the true reFIy efficiency is 5 percentage points bel ow
the threshold setting.

(e) Wthin 30 seconds §50_percent confi dence |evel) when
the true reﬁly efficiency is 2.5 percentage points
bel ow the threshold |evel

(d) Not nore frequently than once in 2.5 hours when the
true repIK efficiency is 2.5 percentage points above
the threshold |evel

(e) Not nore frequently than once in 7206 hours when the
true reply efficiency is 5.0 percentage points above
the threshold |evel

Replies to interrogation shall be those replies falling

wi thin an acceptance gate adjustable to correspond to any
nom nal beacon reply delay setting in the range of paragraph
6-3.4.3.7..3 of Part 8. The width of the gate shall be not

| ess than 8.0 m croseconds nor greater than 5.8 m croseconds.
The position of the center of the gate shall not vary nore
than k0.2% m crosecond over the service conditions.

The receiver sensitivity nmonitor shall be bypassed (al arm
feature disabled) at such times that the interrogation
overl oad signal (paragraph 6-3.4.3.12.1 of Part 6) i s being
transmtted to the nonitor fromthe operating transponder.

7-3.4.3..2.4 Transwondet outpuf pullse rate mohiter.— A fault
condition shall exist whenever the transponder output pulse

rate decreases to 850 (+000) pps and | ower val ues.

7-3.4.3..2.5 Transwondet wowet otitpuft fwonitet.- The
transponder power output nonitor shall respond to the
anplitude |evel of transponder output pulses as provided by
the transmssion line directional couplers (7-3.4.2.2.1 and
7-3.4.2.2.1.1)). A fault threshold shall be reached whenever
the peak power |evel of the signal decreased to any
preselected level within -1.0 to -6.® dB relative to any
Initial value of ﬁaragraph 7-3.4.2.2.011. The fault
threshold point shall have a stability of 20.5 dB. After
the sensing of a fault, an increase of 6.5 dB in the
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measurenent and certification of other specified performance
characteristics of the transponder.

7-3.4..4..1 RF Outwuit freguemeiiess.~ (See para%raphs 7-3.4-.1
through 7-3.4.1.3..)) The center frequency shall be used for
normal nonitoring purposes. The 2200 KHz frequencies shal
be used for the testing of transponder receiver bandw dth
(6-3.4.3.1 of Part 8) and the +900 KHz frequencies shall be
utilized for the testing of adjacent channel rejection
(6-3.4.3.7.2 of Part 6)..

7-3.4.4..2 RF pul se sweettwm.—~ The RF sPectrun1of the signa
generator output shall conformto the detinition of paragraph
6-3.2.1.2 of Part 8.

7-3.4.4.3 Swuriious outwut.— At all frequencies from 27 to
1600 MHz, but excluding the band of frequencies from 1623 to
1152 MHz, the spurious output as neasured at the RF output
connector of the signal generator shall not exceed -40
dBmi/KiHz of receiver bandwdth. In addition, the power at the
RF out put connector during the intervals between occurrence

of the desired interrogation pulse pairs shall not exceed a

| evel of -80 dBm for all settings of the output attenuator.

7-3.4.4.4 RF outwutt wulise shawe.— The RF out put gulse shape
shall conformto the definition of paragraphs 6-3.2.1.3

t hrough 6-3.2.1.3.4 of Part 6, except that the pulse rise
time (6-3.2...31)) shall be 6.1 (20.1) m crosecond, and the
pul se decay tine (6-3.2.1.3.4)) shall not be | ess than 6.0

m crosecond, nor greater than 3.0 m croseconds.

7-3.4.4.5 RF outwit e spaecing.— In the nornal nmode of
operation the signal generator output pulse spacing shall be
I n accordance with paragraph 6-3.2.1..4 of Part 6 except that
the tolerance shall be +0.2 mcrosecond in lieu of +0.5

m cr o- second. For test purposes the spacin% shal | be capabl e
of variation throughout the range of zero through +3.2

m croseconds rermoved from the nom nal assigned channel
spacing in increnents of not less than 6.1 m crosecond nor
greater than 6.2 m crosecond.

7-3.4.4.6 RF outwuit ievell.— The signal generator shall be
capabl e of providing RF output pulse levels at the outé)ut
connector throughout the range of O dBm through -80 dBm (-30
dBm t hrough -110 dBm at the transponder receiver input) (see
7-3.4.2.%).. A stability of #i1.0 dB shall apply to any

sel ected output level. During normal monitoring operation
the signal generator shall ﬁrOVIde two fixed | evels of output
on a tine sharing basis, a high level output for the
monitoring of reply delay (7-3.4.3.2.1) and a | ower | evel
output for the nonitoring of receiver sensitivity
(7-3.4.3.2.3))..
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-3.4.4.6.0 High output levell.- The high output |evel shal
be set at -30 dBm (-80 dBm at the transponder receiver

I nput ).
7-3.4.4..6.2 Low outputt levell.- The | ow output |evel shal

have a range of initial adjustment between -25 dBm and -80
dBm (-55 dBm and -110 dBm at the transponder input).

7-3.4.4.6.3 Test outputr jevelis.~ During test operation the
signal generator shall provide pulsed or "GWoutputs at the
various levels required for the nmeasurement of transponder
receiver performance requirenents of garagraphs 6-3.4.3.7..1,
t hrough 6-3.4.3.7..2 and 6-3.4.3..7..3 (b)) and (d) of Part 8.

NOTE: During test operation the signal generator shall not
be required to provide tine shared outputs.
Acconpl i shment of measurenents corresponding to
par agr aphs 6-3.4.3.7..4..h,, 6-3.4.3.7..0..3, and
6-3.4.3.7..1..4 presume the use of two signal generators
and are therefore required in the dual nonitor
configuration.

7-3.4.4.7 OGuteut PRF.— The output PRF in the nornal monitor
mode of operation shall not exceed 30 ppss, of which up to 80
percent shall be permtted to be at the |ow output |evel
(7-3.4.4 .6 2) and as few as 20 percent shall be permtted to
be at the high output |evel (7-8.4.4.6.1).. In the test node
of operation for those measurements involving the percentage
of replies to desired signals the number of Interrogations
shal | not exceed 400 pps. For tests requiring the simulation
of traffic loading or undesired off-channel pulses, the
signal generator shall be capable of providing output pulse
rates anywhere within the range of 16 through 10,000 pps.

Qut put pul se pairs provided in this |ast node of operation
shall be randomin occurrence (i.e., the pulse spacing
distribution shall be approxi mately exponential).

7-3.4.5 Video pwufise genefaiter.~ The video pul se qener?tor

shal | Proyide simul ated transponder output pul se paiirs for
alarmlimt certification of the follow ng nonitored
paraneters:

(a) Reply delay (7-3.4.3.2.2)).
(b) Reply pul se spacing (7-3.4.3.2.2)..

(¢) Receiver sensitivity (percent replies) (7-3.4.3.2.3))..
(d) Qutput pulse rate (7-3.4.3.2.4)..
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATIION

VOR/DME EQUI PVENT
PART 8 - DOPPLER VOGR CONVERSI ON KI T

8- SCOPE - DOPPLER VOR CONVERSI ON KIT

8-1.1 Scowe of Part 8.- This Part 8 is one of a group of
speci fication docunents under the basic headi ng Wik /DME

Equi pnent," each of which carries the basic nunber FAA-E-2673
together with an alpha revision letter and_a slant |ine and
nunber corresponding to the Part nunber. This Part 8 covers
the requirements for a kit consisting of the hardware,
firmvare and software required to convert a conventional VOR
of Parts 1 through 5 and Part 9 of this specification to the
Doppl er VGR configuration. The conversion kits shall be
furnished in the quantity and time schedule as specified in
the contract schedule.

8-1.2 linmtation of Part 8.- This Part 8 does not
conpletelr define the requirenents for physical and
electrical interface wth other elenents covered under other
parts of this specification, these being the responsibility
of the contractor. Additionally, certain requirenments are
defined only by reference to other parts of the

speci fication.

8-2 APPLI CABLE DOCUMENTS. - (See paragraph 1-2 of Part 1.))
8-3 REOQUEIREMENTS

8-3.1 Awpliication.— This equipnment is to be used by the
Governnent to convert a conventional VGR (furnished under
this specification) to Doppler VOGR (DVOR) configuration if it
Is determned that siting problens are such as to preclude
accept abl e operation of the conventional VOR. The equipnent
to be furnished nmust directly interface with the existing
conventional VOR. The transmtting antennas, coaxial cable
and nonitor antenna will be furnished by the Government. The
conversion kits shall be provided, if ordered by the
CGovernnent, in accordance with the contract schedul e.

3:341¢1_quﬁmeMt_to he furniqhed bv the_contractop_i The
DVOR conversion kit shall contain the equi pment specified
herein as well as the assenblies, sub-assenblies, nodul es,
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8-3.2.5 Distributor bblendina functiiem.— The theoretica
ideal. off continuous physical rotation of an antenna (8-3.2.h)
can only be approached when switching signals to a finite
nunber of antennas.

In order to mnimze harnonics produced by sw tching
transients, it is necessary to control the anplitude of the
signals fed to adjacent antennas in a conplenentary nmanner
(seefparagraph 8-3.3.3.1).. For purposes of this _
specification, the “idedt* bl ending function waveformis
defined as a cosine function raised to the 0.836 power.

8-3.3 CGeneral redguirements.- Each Doppler WOR conversion
kit furnished under this specification shall include the

equi prent, materials, hardware and software, with the
exception of transmtting and nonitoring antennas and coaxi al
cable, required to convert a conventional VOR of Parts 1
through 5 and Part 9 of this specification to a Doppler VOR
configuration. The kit shall 1nclude the equi pnent and ot her
itens as specified in the follow ng subparagraphs.

8-3.3.1 Conversion kit eguiiwmemit characteristics.- The

har dwar e equi pment itenms furni shed as part of the commsspor.
kit shall comply with the applicable requirenents of Part 1,
par agraphs 1-3.3.1 through 1-3.3.1%.

8-3.3.2 Dowwller V DV i nd transmtter.- The DVGR
sideband transmtter receives a sanple signal fromthe VOR
transmtter (paragra%h 4-3.3.3.1®.1)) and provides two carrier
suppressed pure sideband outputs which are nomnally 9960 Hz
above and 9960 Hz below t he frequency of the VOGR transmtter
respectively.

8-3.3.2.1 Power eutwuit.— The sideband transmtter shall be
capable of providing at |east 10 watts of CW power output of
each sideband signal. The output power shall be adjustable

t hroughout a range of at |east 2.5 watts to 16 watts in

0.5 watt increnents.

8-3.3.2.1. olbla vl abiilliittw _and contrell.~ The

si deband power outputs shall automatically track the output
power of the VOR transmtter to provide a constant depth of
modul ation. After initial setup, the accuracy of the
tracking shall be within + 6.25 dB for VOR transmtter power
changes of + 1.0 dB to - 3.0 dB. This requirenents shall be
met over the range of service conditions.

8-3.3.2.2 Outpuft frequemaiiess.- The sideband transmtter

shal | enploy an automatic frequency control circuit or other
means to ensure that the output frequencies are maintained at
fo + 9960 Hz + 1.0 Hz over the service conditions.

Page 166



August 7, 1989 FAA-E-2670 B8

8-3.3.2.3 Quitpuit phase.—~ The phase of each sideband out put
signal shall be maintained such that over the service
conditions there is no nore than 12 degrees difference
between the phase of the 996@ Hz beat produced by m xture of
t he sideband signal with the carrier reference signal and the
phase of the 9960 Hz reference signal.

8-3.3.2.4 Outwutt freauemew and phase respense Lipge. - The
requi rements of 8-3.3.2.2 and 8-3.3.2.3 shal| apply' within 9
seconds after initial application of power. (The procedure
of paragraph 4.11 of Specificati on FAA-G-21@® is nodified to
delete reference to "18 mnutes" in Step e.)

8-3.3.2.5 9960 Hz reference frequemeww.— The equi pnent
design shall incorporate a 9960 Hz reference frequency
generator. At the contractor's option, the reference
?enerator may be either of the tunable frequency or fixed
requency type. The tunable device shall be capabl e of
adj ustment to within 1.0 Hz and shall have a stability of
+ 10 Hz over the range of service conditions. If the
contractor elects to provide a fixed frequency device, the
precision and stability shall be such as to provide an out put
frﬁguency of 9960 Hz + 1.0 Hz over the range of service
condi ti ons.

23.2.. t pu all s M.~  Spurious radiation
conponent s MAthInhSPECIerd freguency bands on either side of
a

the fundamental s not exceed the follow ng |evels:
Frequency Band Level Bel ow Fundanent a
15 KHz through 18 KHz 15 dB
18 KHz through 27 KHz 32 dB
27 KHz through 37 KHz 52 dB
Above 37 KHz 62 dB

8-3.3.2.7 Carrier to sideband isolation.- The |evel of the
carrier reference frequencY in the output of either sideband
out put signal shall be at [east 34 dB below the level of the
si deband out put signal

8-3.3.2.8 Cross channel isolatiem.— The |evel of the upper
si deband signal (USB) present in the output of the |ower

si deband si gnal (1LSB)) shall be at |east 40 dB bel ow the

out put level of the 0SB signal and vice versa.

8-3.3.2.9 Sty radiatiion.— Wth the transmtter operating
at maxi num out put power (8-3.3.2l)), stray radiation shall
not exceed a level of 14.@ mcrowatts effective radi ated
power. This requirement shall be met with the equipnent in
or out of its enclosure.
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+ 10 Hz over the range of service conditions. If the
contractor elects to provide a fixed frequency device, the
precision and stability shall be such as to provide an out put
frﬁguency of 9960 Hz + 1.0 Hz over the range of service
condi ti ons.

23.2.. t pu all s M.~  Spurious radiation
conponent s MAthInhSPECIerd freguency bands on either side of
a

the fundamental s not exceed the follow ng |evels:
Frequency Band Level Bel ow Fundanent a
15 KHz through 18 KHz 15 dB
18 KHz through 27 KHz 32 dB
27 KHz through 37 KHz 52 dB
Above 37 KHz 62 dB

8-3.3.2.7 Carrier to sideband isolation.- The |evel of the
carrier reference frequencY in the output of either sideband
out put signal shall be at [east 34 dB below the level of the
si deband out put signal

8-3.3.2.8 Cross channel isolatiem.— The |evel of the upper
si deband signal (USB) present in the output of the |ower

si deband si gnal (1LSB)) shall be at |east 40 dB bel ow the

out put level of the 0SB signal and vice versa.

8-3.3.2.9 Sty radiatiion.— Wth the transmtter operating
at maxi num out put power (8-3.3.2l)), stray radiation shall
not exceed a level of 14.@ mcrowatts effective radi ated
power. This requirement shall be met with the equipnent in
or out of its enclosure.
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of the 50 distributor antenna output connectors shall be
constant 2 5.0 degrees over the service conditions.

8-3.3.3.4 RF out put waveform - For each of the four signals
of 8-3.3.3.%1, the difference in peak anplitude of the signals

appearing at the 25 output connectors shall not exceed #*
0.2 dB. This requirement shall be met at all output
connections with a VSWR of up to 2.5%.

8-3.3.3.% Switechiim® isollatijah.— CutRut shal | . be applied to
the specified intervals

the designated antennas only during

of nor nal smﬂtchiqé or whenever continuous radiation is
)

sel ected (8-3.3.3.1)). During every other interval of the
swi tching cycle an durln% the off "condition, the |evel of
output to any connector shall be at |east 66 dB bel ow the on

signal |evel
8-3.3.3.6 30 Hz audi 0o freuuemew aeneratet.— The audio

signal generator shall provide a sinusoidal 306 Hz output

signal ftor nodulation of the carrier transmtter (see
paragraphs 4-3.3.3.4, 4-3.3.3.7..0..1h and 4-3.3.3.7..2).

8-3.3.3.6.1 Frequenev stabiilliittw.— The stabjlity of the
30 Hz frequency shall be as established by the n%ster
generator (8-3.3.3.7)).

8-3.3.3.6.2 Phase stabiilliittw.~ For any initial setting of

t he phase adjust control (8-3.3.3.7-.1)),, the variation in time
of occurrence of the zero crossover of the 36 Hz signal wth
respect to the distributor smntchlng sequence shall not
exceed + 0.2 electrical degrees of 30 Hz over the range of
service conditions.

8-3.3.3..6.3 Gutput | evel and stabiilliittw..— The output | evel
shalT be adjustable to the Tevel required to modul ate the
carrier transmtter at any |evel between 25 and 35 percent in
1.6 percent increnents. \Wen initially established, the

nmodul ation percent shall not vary nore’than + 1.0 percent
over the range of service conditions.

8-3.3.3.7 Master generator oscillator.- A naster generator
shal | be provided as the source of all timng functions
required for operation of the equipnment. At the option of
the contractor, the reference oscillator may be either of the
tunabl e frequency or fixed frequency type. ~ The tunable
oscillator shall be capable of adjustment to within + 0.01
percent of its design center value and shall have a stability
of + 0.061 percent over the range of service conditions. The
fixed frequency type shall provide an output frequency which
is within + 06.01 percent of its design center value over the
range of service conditions.
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Paragraph 4-1.2 - Add the followi ng sentence to the end of
the paragraph: ®"Fhis specification describes both
conventional VOR transmtting equi pment and Doppler VER
transmtting equipnment. Doppler transmtter configurations
i nclude the Doppler sideband transmtter unit described in
Part 8 of this specification but not the goniometer unit
(par agraph 4-3.3.1.2)),, whereas conventional VOR transmtter
configurations include the geniofietet unit but not the
Doppl er VOR sideband transmtter."”

8-3.4.4 Chancres to Speciiffiieaitiiocsgh FAA~-E-2678e//5..~

a.

Par agraph 5-i-bh - Add the follomﬁn? sentence to the
end of the paragraph: #This specification describes
bot h Doppl er VOR nonitor equi pnent and conventi onal
VGR nonitor equipnent. For Doppler VOR, the ground
check function and conponents are not applicable, the
field monitor antenna and coaxial cable feedliine to
the monitor are provided by the Governnent, the
auxiliary alarminput functlon_(ﬁaragraph 5-
3.3.8.9.7.2) is used to work with specific contractor
furni shed sideband antenna nonitoring circuits which
will be installed during the conversion of a
conventional VOR to a Doppler VGR configuration."”

Paragraph 5-3.3.5 - Add the follomﬁn? two sentences to
the end of this paragraph: *®The RF field intensity
and pol arization requirements of this paragraph do not
apply in the Do? | er VGR configuration. The Doppl er
VOGR nonitor shall meet all performance requirenents
with an RF input signal as otherw se specified herein
suPPI|ed froma 50 ohm source at anplitudes between 25
milivolts and 560 m|livolts RMB.™

Par agr aph 5-3.3.8 - Delete the text of (a) and
substitute the follow ng therefore: ™te accept the RF
ﬁlgnal as specified in paragraph 5-3.3.% as nodified
erein.”

Add the foll ow ng new paragraph: "5-3.3.8.9.3.h

Si deband antenna signal |evel fawet.— 1In the Doppler

VOR configuration, 1t shall be possible to set the

si deband antenna signal |evel reference point (nom nal

odB)) and to set the fault limt between -1.5 dB and
-2.0 dB via the FEPU user interfaces. The reference
oint and the fault Iimt wll be set only at the

I ghest data access security level. The neasured
si deband antenna signal |evel shall be conpared to the
si deband antenna reference level. Wen the neasured

val ue of the sideband antenna signal |evel differs
fromthe reference level by a magnitude equal to or
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DEPARTHENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

VORDPIE EQUI PVENT
PART 9 - REMOTE STATUS AND COMMUNI CATI ONS EQUI PVENT (RSEE)

9-I__SCOPE . REMOTE | STATUS. ANB. SoMMUMINCFTIENS FOUITBMENT

9-1.1 Scowe eff Part 9.- This Part 9 is one of a r%i% of
speci fication docunents under the basic headin VW%V

equi pnent, each of which. carries the basic nunber FAA-E-2673
together with an al pha revision letter and a slant |ine and
number corresponding to the Part nunber. This Part 9 of the
speci fication covers the regiuiresemts for the renote status
and communi cation equi pment éﬁseﬁm to be furnished as part of
a set of equipnment as defined in Part 1 of this specification
(FAA-E-26878c/11))..

The RSCE wiikh be |ocated at a. site remote fromthe facility
and wi [l provide VOR/DME operational status information and
audi o communi cations capability to operations personnel. |t
MLIIMgéOVIde an interface between the VCGR/DME facility and

t he .

9-1.2 Lijmitbations of Part 9.m This Part 9 does not
conpletely define the requirements for operation with other
equi pnent el ements covered under other parts of the

speci fication, these keingfth: responsibility of the designer
of the conplete system  Asmiga{tanaklilyf certalin requirenents
are defined only through reference to other parts of the
speci fication.

9-2 APPLECR@YF DOrCWNENTSS.— (See paragraph -2 of Part 1.)
93 REQUI REMENTS
9-3Eduidokentt o be furnished by t#he contracter .-

§-3.1.1e.- The follow ng itens shall be furnished

for each facility.

Lini.t, Quantiity
Communi cations unit
RSCE processing unit
VOR/DNME st atus unit

—_ =

Page 173



August 7, 2989 FAA-E-2678c/9

DEPARTHENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

VORADRIEE EQUI PVENT
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3.3.4 with no adverse effects. In this configuration the
requi rement for the ten + 2 second delay referenced in
paragraph 9-3.2.1.2 shall anIy to the restoration of the

voi ce glgnal to the second line after the PTT signal has been
renmoved.

9-3.2.2 RSCE processiiha uniit.— The RSEE processing unit
shal | detect the VOR/DME operational status infornation,
process this information and provide the output to the
VOR/DME status unit (9-3.4)).. The status unit may be renbted
fromthe RSEE by up to 200 feet. Al data shall be
transmtted to the MPS via the RSCE to MPS interface.

The RSEE shal |l provide buffer and processing action in
collecting input data at differing rates fromthe VOR/DNME
FEPU and the MP8 and shall buffer the received data to a
hi gher or |ower rate, as appropriate.

9-3.2.2.1 RSCE inter ~ The RSCE shall have the
follow ng interfaces and equi pnment provided by the
contractor.

() Comuni cations unit data interface (&h..— An
Interface shall be provided to the RSEE for the
%rgnffer of data between the RSEE and the €U (9-

.2.10).

(b) RSEE to FEPU interface.- The RSEE to FEPU
interface shall be in accordance with ELA
standard RS-232 wired as synchronous data
term nal equi pnent (BTE).. It shall interface
via a contractor provided commercially
avai | abl e voice over data mbodemwi th the
CGovernnent furni shed 4-wite tel ephone |ine
descri bed i n paragraph 1-3.3.13.L. The
interface shall operate at a mninmmrate of
1200 baud. The protocol used to control the
interface shall be as specified in paragraph
3-3.3.1.4 herein.

(¢  Maintenance processor subsystem (MBS
interface.- An ErLA - RS-232 synchronous data
termnal equipnent (DTE) i nterface shall be
provided. It shall interface through a
contractor provided, commercially available
modem to a Government furnished 4-wifey, ful
dupl ex dedicated tel ephone line. The data rate
on this interface shall automatically adjust to
rates of 240@, 4800 and 9600 baud. The
protocol used to control the MPS interface
ﬁhaLI be as specified in paragtrpah 3-3.3.1.4

erein.
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The RSEE shal |l have sufficient operational redundancy such
that a single conponent failure in the RSCE shall not cause
a loss of status nmonitoring.

9-3.2.2.2 to MPS interface. - It shall be possible to
connect as many as five RSCE units to the Governnent

furni shed 4-wire dedi cated tel ephone [ine with each RSCE
unit having a discreet VOR/DME system address. (See

par agraph 3-3.3.17.7 herein).

-3.3. i nstruction, - The RSCE shall be designed for
mounting in a Governnment furnished standard 19 inch cabi net
rack, Type I, of Specification FAA-E-163. The equi pnent
shal | be chassis nounted on a rack panel not exceeding the
size of the E panel of Drawing D-2114® of Specification FAA-
6-230®m. The panel shall cpnﬁly with the requirements of
Specification FAA-G-23@® with respect to size, dinensioning
tolerances, quality of materials and construction methods.
Iﬂput and out put connections shall be on the rear of the
chassi s.

9-3.4 VOR/DME status unit. - The VOR/DME status unit will be
installed in a Government furnished console in the FAA
Autonated Flight Service Station (AFSS) Oﬁerations room t hat
may be renol as nuch as 200 feet fromthe RSCE | ocation.
The interconnect cable (type of cable and connector to be
specified by the contractor during the Prelimnary Design
Review.) is not to be furnished under this specification.

9-3.4.1 Functions. -The VOR/DME status unit shall provide the
follow ng functions:

a. Visual indication of the operational status of
the VOGR and DME subsystens by the use of green
tnermall™ and red "“alarmy i ndicator |ights.

b. Visual indication of nonitor "y pass®™ (1-3.1.2109) of
EhthGR or DME nonitors by the use of amber indicator
i ghts.
c. An aural alarm which operates sinultaneously

with the operation of the red teslawh |ights to
indicate an alarmcondition of the VOGR or DME
subsystens (see paragraph 1-3.1.10.%). The
frequency of the aural alarmsignal shall not
exceed 2000 Hz.

d. A nmonentary aural alarmsilence swtch.

e. A nmonmentary push button to test the operability
of all [anps.
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